
 

Siemens Industry, Inc. 

Siemens Power Technologies International 

400 State Street  Å  P.O. Box 1058 

Schenectady, New York  12301-1058 USA 

Tel: +1 (518) 395-5000  Å  Fax: +1 (518) 346-2777 

www.siemens.com/power-technologies 

   

   

Siemens PTI Report Number: R054 -15  

Integrated Resource Plan Volume III 

Demand and Fuel Forecasts and 

Demand Side Management  

Draft for the Review of the Puerto Rico 
Energy Commission. 

 
Prepared for 

Puerto Rico Electric Power Authority 
(PREPA) 
 
 
 
Submitted by: 
Siemens Industry  
 
 
August 17, 2015  
 
 

http://www.siemens.com/energy/power-technologies


 

 

   

   

Revision History 

Date Rev. Description 

July 7, 2015  Draft for the review of the Puerto Rico Energy Commission. 

July 31, 2015  Second draft for the review of the Puerto Rico Energy Commission. 

August 17, 2015  Third draft addressing comments from Puerto Rico Energy Commission. 

 

 



 
 

 
 

 
i 

Siemens Industry, Inc. ï Siemens Power Technologies International 
R054-15 ï Integrated Resource Plan Volume III 

Demand and Fuel Forecasts and Demand Side Management   

   

      

Contents 

Legal Notice ................................................................................................................. iii 

Section 1 - Demand Forecast ................................................................................. 1-1 

1.1 Introduction ............................................................................................................1-1 

1.2 Data, Assumptions and Methodology ...................................................................1-1 

1.2.1 Review of Data Received from PREPA ..................................................1-1 

1.2.2 Review of Data Obtained from other sources .........................................1-6 

1.2.3 Assumptions ............................................................................................1-7 

1.2.4 Methodology ............................................................................................1-8 

1.3 Results ................................................................................................................ 1-15 

1.3.1 Obtained Models for Energy Forecast .................................................. 1-15 

1.3.2 Results for Energy Forecast ................................................................. 1-17 

1.3.3 Impact of Energy Efficiency Program ................................................... 1-19 

1.3.4 Results for System Peak ...................................................................... 1-20 

1.3.5 Validation of Forecast Prepared by PREPA ......................................... 1-24 

1.4 Conclusions and Recommendations .................................................................. 1-27 

Section 2 - Fuel Price Forecast .............................................................................. 2-1 

2.1 Introduction ............................................................................................................2-1 

2.2 Data, Assumptions and Methodology ...................................................................2-1 

2.2.1 Review of Data Received from PREPA ..................................................2-1 

2.2.2 Review of Data Obtained from other sources .........................................2-9 

2.2.3 Assumptions ......................................................................................... 2-10 

2.2.4 Methodology ......................................................................................... 2-11 

2.3 Results ................................................................................................................ 2-12 

2.3.1 Obtained Models for Fuel Price Forecast ............................................. 2-12 

2.3.2 Results for Fuel Price Forecast ............................................................ 2-14 

2.3.3 Adders .................................................................................................. 2-15 

2.3.4 Results of Delivered Fuel Prices Forecasting ...................................... 2-17 

2.4 Conclusions and Recommendations .................................................................. 2-18 

Section 3 - Demand Side Management ................................................................ 3-1 

3.1 Introduction ............................................................................................................3-1 



Contents 

 
 

Siemens Industry, Inc. ï Siemens Power Technologies International 
R054-15 ï Integrated Resource Plan Volume III 

Demand and Fuel Forecasts and Demand Side Management 

 
ii 

   

3.2 Energy Efficiency Initiatives / Programs ................................................................3-1 

3.2.1 EE Consumption Reduction Plan in Public Entities ................................3-2 

3.2.2 Other Energy Efficiency Initiatives Applicable to Private 
Customers ...............................................................................................3-3 

3.3 Demand Response Initiatives / Programs .............................................................3-6 

3.3.1 Price-based demand response ...............................................................3-7 

3.3.2 Incentive- or Event-based demand response .........................................3-8 

3.3.3 Example of Load Management Application: MISO Strategic 
Initiatives for Demand Response Program .......................................... 3-11 

3.4 Conclusions and Recommendations .................................................................. 3-14 

Appendix A - Information Provided by PREPA on Technical and Non-
Technical Loss for the Fiscal Year 2014 .............................................................. A-1 

Appendix B - Information Provided by PREPA on Load Factor and 
Non-Coincident Peak Demand Estimates per Customer Class ........................ B-1 

Appendix C - Detail of Demand Forecast Results .............................................. C-1 

Appendix D - Fuel Price Data Provided by PREPA ............................................. D-1 

Appendix E - Information about Shipping Adders.............................................. E-1 

Appendix F - Fuel Price Data obtained for EIA .................................................... F-1 

Appendix G - Fuel Price Forecast Results ........................................................... G-1 

 

 

 



 
 

 
 

 
iii 

Siemens Industry, Inc. ï Siemens Power Technologies International 
R054-15 ï Integrated Resource Plan Volume III 

Demand and Fuel Forecasts and Demand Side Management   

   

      

Legal Notice 

This document was prepared by Siemens Industry, Inc., Siemens Power Technologies 
International (Siemens PTI), solely for the benefit of Puerto Rico Electric Power Authority 
(PREPA). Neither Siemens PTI, nor parent corporation or its or their affiliates, nor Puerto 
Rico Electric Power Authority (PREPA), nor any person acting in their behalf (a) makes any 
warranty, expressed or implied, with respect to the use of any information or methods 
disclosed in this document; or (b) assumes any liability with respect to the use of any 
information or methods disclosed in this document. 

Any recipient of this document, by their acceptance or use of this document, releases 
Siemens PTI, its parent corporation and its and their affiliates, and Puerto Rico Electric Power 
Authority (PREPA) from any liability for direct, indirect, consequential or special loss or 
damage whether arising in contract, warranty, express or implied, tort or otherwise, and 
irrespective of fault, negligence, and strict liability. 
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Section 

1 
Demand Forecast 

1.1 Introduction 

The aim of this section of volume III of the IRP Study Report is to present and discuss all 
the aspects regarding the electricity demand forecast, prepared as required for the 
development of the Integrated Resource Planning (IRP) for PREPA. This includes a 
concise presentation of the data used, a brief but complete description of the 
methodology and the necessary assumptions, and finally the obtained results. The 
forecast has been prepared for the period 2015-2035. 

The demand forecast results obtained by the Consulting Team were used to validate the 
forecast prepared by PREPA, which was finally considered as the base for the 
development of the IRP.  

1.2 Data, Assumptions and Methodology 

1.2.1 Review of Data Received from PREPA 

PREPA provided historical values of energy sales, number of customers, and some 
macroeconomic variables commonly used in demand forecasting exercises efforts. In 
addition, projections of these macroeconomic variables, obtained from sources regularly 
consulted by PREPA, were also provided.  

1.2.1.1 Historical Figures 

PREPA provided historical information of the following variables: 

¶ Annual sales per customer class and average number of active residential, 
commercial, industrial, public lighting, agricultural, and other customers (fiscal years 
from 1993-1994 to 2013-2014), 

¶ Macroeconomic variables in annual values from Fiscal Years 1993 to 2014: Gross 
National Product (GNP), Gross Domestic Product (GDP), and Disposable Personal 
Income (DPI), in constant values (US dollars of 1954), 

¶ Annual estimates of population of Puerto Rico from 1993 to 2014. 

The sales to residential, commercial, and industrial customers represented almost 98% 
of the total sales since fiscal year 1993-1994. For this reason, the forecast exercise was 
focused on these three customer types, while just verification of sound estimations by 
PREPA was performed for public lighting, agricultural, and other customer classes. 
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Most of the data was provided by PREPA, but the Consulting Team collected some data 
independently for validation. In specific, several years of the ñIncome and Productò 
report, prepared by the Planning Board of the Office of the Governor of Puerto Rico, 
were consulted. 

Table 1-1, Table 1-2 and Table 1-3 below summarize the historical data received from 
PREPA and verified by consulting other sources. 

Table 1-1: Historical Annual Sales per Customer Class (GWh) 

Fiscal Year Residential Commercial Industrial Public Lighting Agricultural Others
(1)

 Total 

1993-1994 4,996 5,635 3,735 232 47 171 14,816 

1994-1995 5,176 5,825 3,804 241 49 163 15,259 

1995-1996 5,455 6,131 3,917 245 36 161 15,945 

1996-1997 5,480 6,330 3,855 247 44 163 16,118 

1997-1998 6,068 6,822 4,089 261 45 172 17,457 

1998-1999 5,939 6,721 3,881 258 39 151 16,989 

1999-2000 6,385 7,206 4,091 261 41 161 18,145 

2000-2001 6,632 7,583 4,019 271 42 177 18,723 

2001-2002 6,910 7,865 3,876 261 42 175 19,130 

2002-2003 7,281 8,167 3,963 263 41 173 19,887 

2003-2004 7,338 8,400 4,092 258 36 136 20,260 

2004-2005 7,438 8,499 4,177 258 34 101 20,507 

2005-2006 7,250 8,734 4,242 263 33 97 20,620 

2006-2007 7,244 8,909 4,136 270 34 78 20,672 

2007-2008 6,757 8,744 3,743 270 29 59 19,602 

2008-2009 6,368 8,498 3,289 274 31 57 18,516 

2009-2010 7,057 8,759 3,047 285 30 58 19,235 

2010-2011 6,707 8,551 2,881 281 29 51 18,501 

2011-2012 6,560 8,300 2,779 398 27 49 18,112 

2012-2013 6,656 8,635 2,578 268 27 56 18,221 

2013-2014 6,271 8,497 2,434 299 33 27 17,561 

Notes: (1) ñOthersò class corresponds to tariff 513 (General Service at Transmission Voltage ï Public 
Authority) 

 

Table 1-2: Annual Average Number of Active Customers per Customer Class 

Fiscal Year Residential Commercial Industrial Public Lighting Agricultural Others Total 

1993-1994 1,107,118 110,161 2,355 1,937 1,529 9 1,223,109 

1994-1995 1,128,307 112,782 2,287 1,953 1,549 9 1,246,887 

1995-1996 1,147,983 115,218 2,194 1,975 1,569 9 1,268,948 

1996-1997 1,168,447 117,436 2,147 2,026 1,568 9 1,291,633 

1997-1998 1,185,246 119,421 2,094 1,595 1,590 8 1,309,954 

1998-1999 1,200,061 120,825 2,040 1,549 1,572 8 1,326,055 

1999-2000 1,217,584 122,234 1,986 1,530 1,565 8 1,344,907 

2000-2001 1,237,053 123,380 1,929 1,730 1,568 8 1,365,668 

2001-2002 1,254,043 124,759 1,874 1,651 1,553 8 1,383,888 

2002-2003 1,270,371 125,890 1,804 1,675 1,553 8 1,401,301 
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Fiscal Year Residential Commercial Industrial Public Lighting Agricultural Others Total 

2003-2004 1,287,010 127,705 1,679 1,709 1,492 7 1,419,602 

2004-2005 1,304,657 129,170 1,668 1,716 1,482 6 1,438,699 

2005-2006 1,315,345 130,082 1,618 1,723 1,454 5 1,450,227 

2006-2007 1,317,454 130,295 1,576 1,777 1,422 5 1,452,529 

2007-2008 1,314,454 130,011 1,514 1,860 1,367 5 1,449,211 

2008-2009 1,324,752 129,492 899 2,168 1,322 4 1,458,637 

2009-2010 1,335,928 129,208 808 2,249 1,296 4 1,469,493 

2010-2011 1,341,291 129,537 770 2,225 1,300 3 1,475,126 

2011-2012 1,340,405 128,590 733 2,396 1,268 2 1,473,394 

2012-2013 1,353,550 126,735 709 2,926 1,227 3 1,485,150 

2013-2014 1,331,856 126,133 676 2,934 1,199 2 1,462,800 

 

Table 1-3: Historical Series of Macroeconomic Variables 
(Millions US$ of 1954) and Mid-Year Population 

Year 
Gross 

National Product 
(GNP) 

Gross 
Domestic Product 

(GDP) 

Disposable 
Personal Income 

(DPI) 
Population 

1994 5,309 7,718 5,853 3,649,237 

1995 5,492 8,069 6,119 3,683,103 

1996 5,671 8,256 6,615 3,724,655 

1997 5,864 8,659 7,101 3,759,430 

1998 6,055 9,138 7,289 3,781,101 

1999 6,300 9,630 7,671 3,800,081 

2000 6,773 10,229 7,921 3,810,605 

2001 6,873 10,887 8,246 3,818,774 

2002 6,850 11,123 8,460 3,823,701 

2003 6,991 11,384 8,723 3,826,095 

2004 7,178 11,610 8,886 3,826,878 

2005 7,315 11,379 9,173 3,821,362 

2006 7,351 11,219 9,106 3,805,214 

2007 7,262 11,088 9,269 3,782,995 

2008 7,054 10,884 9,490 3,760,866 

2009 6,784 10,671 9,459 3,740,410 

2010 6,542 10,627 9,482 3,721,208 

2011 6,432 10,597 9,663 3,700,052 

2012 6,490 10,395 9,640 3,672,561 

2013 6,512 10,417 9,795 3,645,648 

2014 6,393 9,649 9,653 3,620,897 

 

Some aspects about the data shown above can be briefly highlighted: 

¶ Residential Customers: 

o The energy sales to residential customers during fiscal year 1993-1994 
amounted 4,996 GWh, while the maximum demand was observed on fiscal 
year 2004-2005 (7,437 GWh), which represents an average year-over-year 
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(YOY) increase of 3,68% up to that date; however, the sales during fiscal 
year 2013-2014 (6,270 GWh) are 15% lower than the historical peak and it is 
the lowest annual value since fiscal year 1998-1999, 

o The number of customers has increased almost uninterruptedly from fiscal 
year 1993-1994 (1,107,118 customers), with few exceptions like on the fiscal 
years 2007-2008, 2011-2012 and 2013-2014; in average, the number of 
customers has increased 0.9% YOY since 1993-1994. 

¶ Commercial Customers: 

o The energy sales to commercial customers during fiscal year 1993-1994 
were 5,635 GWh, while the maximum demand was observed on fiscal year 
2006-2007 (8,909 GWh), which represents an average YOY increase of 
3,59%; in general, the sales to commercial customers have remained very 
stable since fiscal year 2003-2004, 

o The number of customers increased uninterruptedly from fiscal year 1993-
1994 (110,161 customers) to fiscal year 2006-2007 (130,295); since then, the 
number of customer has slightly decreased almost every fiscal year, reaching 
the 126,133 in fiscal year 2013-2014. 

¶ Industrial Customers: 

o During fiscal year 2009, 612 government industrial clients were reclassified 
from the industrial General Service at Secondary Voltage tariff to the 
corresponding commercial tariff, to lower these clientsô rates. The transfer of 
these clients from the industrial to commercial base reduced the size of the 
industrial sector by more than 40%. 

o The energy sales to industrial customers was strong and relatively stable 
during the first years of analysis (around 4,000 GWh a year), reaching its 
peak in fiscal year 2005-2006 with 4,241 GWh. After the reclassification of 
customers, the sales were 3,289 GWh in fiscal year 2008-2009, and since 
then have lowered down to 2,434 GWh, which represents a decrease of 26%, 

o The number of customers has decreased uninterruptedly from fiscal year 
1993-1994, when there were 2,355 customers. After the reclassification, the 
average number of customers in fiscal year 2008-2009 was 899, and since 
then has decreased to 676 in fiscal year 2013-2014, representing a reduction 
of almost 24.8%. 

The data of macroeconomic variables will be commented in the next subsection, 
together with their projections. The data of population will be discussed in the subsection 
corresponding to data obtained from other sources. 

1.2.1.2 Data Projections 

PREPA utilizes several sources for obtaining projections of the relevant macroeconomic 
variables, in this case GNP, GDP and DPI. These sources are three independent 
economic consultants: Advance Business Consulting, Inc. (ABC); the Inter-American 
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University ï IHS Global Insight (IAU-GI); and the Commonwealth of Puerto Ricoôs 
Planning Board (Planning Board). Moreover, PREPA usually utilizes the least optimistic 
scenario. 

For the purpose of the forecast exercise conducted by the Consulting Team, the 
projections used were those provided by IAU-GI, because it was the only model recently 
updated (October 2014) at the moment of this analysis was conducted and used by 
PREPA for forecasting purposes. These projections are summarized in the Table 1-4 
below. 

Table 1-4: Projections of Macroeconomic Variables 
(Millions US$ of 1954) (Source: PREPA / IAU-GI) 

Year 
Gross 

National Product 
(GNP) 

Gross 
Domestic Product 

(GDP) 

Disposable 
Personal Income 

(DPI) 

2015 6,289 9,609 9,517 

2016 6,336 9,697 9,588 

2017 6,439 9,860 9,755 

2018 6,537 10,012 9,918 

2019 6,634 10,134 10,079 

 

Some aspects about the data shown in the Table 1-3 and Table 1-4 can be briefly 
highlighted: 

¶ Gross National Product (GNP): 

o Puerto Ricoôs GNP increased from 1993 to 2006, reaching its maximum in 
2006 (7.35 US$ Billions); around that year there was a 5-year period (2004-
2008) of high, stable GNP, where it crossed the barrier of 7.0 US$ Billions; 
since 2006, the GNP has lowered to 6.39 US$ Billion, representing a 
decrease of almost 13%, 

o Projections show that it is expected the GNP to slightly decrease during year 
2015 respect to 2014, then it will gradually recover by increasing a 0.75% in 
2016 and approximately 1.5% YOY over 2017-2019. 

¶ Gross Domestic Product (GDP): 

o The behavior of GDP is very similar to the experienced by the GNP: there 
was a steady increase from 1993 to 2004, when the maximum was reached 
(11.61 US$ Billion); the value for 2014 (9.65 US$ Billion) represents a 
decrease of 17.3% respect the historical peak, 

o As for the GNP, projections show that it is expected the GDP to slightly 
decrease in year 2015 respect to 2014, then it will gradually recover by 
increasing a 0.92% in 2016 and approximately 1.5% YOY over 2017-2019. 

¶ Disposable Personal Income (DPI): 
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o DPI has shown a behavior different to GNP and GDP, with increases almost 
every year until reaching its maximum in year 2013 with 9.80 US$ billion, 

o As for GNP and GDP, projections show that it is expected the DPI to slightly 
decrease in 2015, then it will gradually recover by increasing a 0.75% in 2016 
and approximately 1.7% YOY over 2017-2019. 

1.2.1.3 Data for Load Factor and System Efficiency Calculation 

PREPA provided some information that was used to estimate system demand and 
generation requirements, in MW, based on the energy forecast, which is listed below: 

¶ Technical and non-technical loss estimation corresponding to the fiscal year 2013-
2014; a breakdown of these numbers is presented in section 1.2.4.4 as well as a 
brief description of how they were used for forecasting purposes, 

¶ Estimated load factor for each customer type, which is summarized in the table 
below: 

Table 1-5: Load Factor Corresponding to Each Customer Type 

Customer Type Load Factor 

Residential 66.26% 

Commercial 64.91% 

Industrial 74.33% 

Public Lighting 47.55% 

Agricultural 45.89% 

Others 69.57% 

 

1.2.2 Review of Data Obtained from other sources 

In addition, population projections were obtained from the U.S. Census Bureau, and 
values are shown below. 

Table 1-6: Projection of Puerto Rico Population 
(source: U.S. Census Bureau) 

Year Population 

2015 3,598,357 

2016 3,578,056 

2017 3,560,019 

2018 3,544,291 

2019 3,530,915 

2020 3,519,901 

2021 3,511,302 

2022 3,503,627 

2023 3,495,310 

2024 3,486,276 

2025 3,476,473 

2026 3,465,864 
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Year Population 

2027 3,454,395 

2028 3,442,013 

2029 3,428,698 

2030 3,414,456 

2031 3,399,278 

2032 3,383,183 

2033 3,366,203 

2034 3,348,381 

2035 3,329,725 

 

Some aspects about the data shown in the Table 1-6 can be briefly highlighted: 

¶ Population: 

o According to the U.S. Census Bureau, population has decreased since year 
2005, 

o As shown in the corresponding projections, the population of Puerto Rico is 
expected to continue a decreasing trend until 2035 (and beyond). 

1.2.3 Assumptions 

The forecast is developed for the period 2015-2035, in fiscal years that start in July 1st 
and end in June 30th. 

 Two scenarios are defined for the forecast: 

¶ A Base/Pessimistic Scenario, which correspond to lower population growth, lower 
GNP/GDP growth, and lower growth on the number of industrial customers, all this 
leading to lower demand, 

¶ Optimistic Scenario, based on higher growth of population, GNP/GDP and the 
number of industrial customers, all this leading to higher demand. 

In detail, the assumptions on the Base/Pessimistic Scenario were the following: 

¶ Population decreases to 3.3 million by 2035 as proposed by the U.S. Census 
Bureau, 

¶ GNP and GDP remains constant (0% increase YOY) after 2019, 

¶ The number of industrial customers decreases down to 650 in fiscal year 2015, to 
625 in fiscal year 2016, and to 600 in fiscal year 2017, then remains stable at 600 
until the end of the evaluation period. 

On the other hand, the assumptions on the Optimistic Scenario were: 

¶ Population remains stable at 3.6 million from 2015 forward, 
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¶ GNP and GDP increases 1% yearly after 2019, 

¶ The number of industrial customers increases a 20% above the 700 customers by 
year 2019, 4% each year, up to 840. 

As can be observed, there are no assumptions for DPI on the considered scenarios. 
This is because, after the statistical/econometric methodology was applied, the DPI did 
not result as part of the models obtained for forecasting purposes. 

By comprising the assumptions listed above, these scenarios represent two extreme 
visions of the potential future: the Base scenario is intended to describe a quite 
pessimistic, low-growth visualization of the foreseen future, while the Optimistic is a 
collection of almost everything that could impact positively the demand. In this manner, it 
is expected that the future system peak will materialize between the limits of these two 
scenarios. 

As described later in this report, none of the Futures in the IRP study used the optimistic 
forecast. However this forecast is consistent with the expanded capital availability of 
Future 3 and, if it were to happen, the accelerated installation plan considered under this 
Future would be able to attend it at least in the short term (2015 to 2025).  

1.2.4 Methodology 

The applied methodology consisted of obtaining mathematical models using 
statistical/econometric tools and using them to develop forecast series of energy sales 
for the residential, commercial, and industrial customers. The energy sales variable is a 
proxy of the energy demand. These series were then combined with the forecast series 
provided by PREPA for public lighting, agricultural, and other customer classes and the 
estimated energy reduction resulting from the energy efficiency program implementation 
to generate a global energy sales/demand forecast for PREPA system under the 
pessimistic and optimistic scenarios.  

The next step was, by using load factors, system loss and efficiency estimation, 
distributed generation forecast, and estimation of energy efficiency programs impact, 
converting the global energy demand forecast to peak load demand forecast. Again, this 
was performed for the two defined scenarios. 

To obtain the mathematical models, three different statistical/econometric methods were 
considered: i) single-equation econometric models, ii) autoregressive models, and iii) 
vector auto regressive (VAR) models. In general, these methods are based on ordinary 
least square (OLS) regression. The criteria to select the model for forecast generally is 
the goodness-of-fit of the models, but other criteria were considered, like theoretical 
consistency and parsimony. 

Every considered methodology is briefly described below. 

1.2.4.1 Single-Equation Econometric Models 

The methodology is referred to the Classical Linear Regression Model (CLRM) in which 
the dependent variable, energy sales, is expressed as a linear combination of the 
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independent variables, in this case GNP, GDP, DPI, population, and number of 
customers. The model is obtained using ordinary least-squares regression techniques. 

Among the weaknesses of this approach is that it does not include lags of the dependent 
variable, the synergy of energy sales of different customer classes is not represented, 
and number of customers would need to be forecasted independently if used as 
independent variable. 

1.2.4.2 Autoregressive Models 

The autoregressive modeling methodology consisted single-equation models where 
lagged values of the dependent variable are used as independent variables. It may also 
include other variables lags as independent variables. 

1.2.4.3 VAR models 

The Vector Auto Regressive (VAR) method consists of building simultaneous least-
square regression models for endogenous variables (those defined inside the defined 
econometric equation system) as combination of other endogenous and also exogenous 
variables. The energy sales would be the dependent variable of the main VAR model. As 
independent variables, the analysis started with lags of energy sales and current and 
lagged values of population, GDP, GNP, DPI, and the number of customers. 

1.2.4.4 Estimation Peak Demand from Energy Demand Forecast 

The energy demand forecast for both scenarios was converted to system peak demand 
using the information provided by PREPA regarding system efficiency and load factors. 
The estimated system peak demand determines the requirements of power generation. 

Specifically, for each month from July 2013 to January 2015, PREPA provided system 
loss estimates for the previous 12 months. Unless noted otherwise below, the values 
and factors used for the calculation correspond to the fiscal year 2014 (12-month period 
at June 2014, see Appendix A). PREPA also provided information of estimated non-
coincident peak demand and load factor for the different per customer class (see 
Appendix B). 

Five elements contribute to the system peak: customer loads, auxiliary generation loads, 
technical losses, non-technical losses, and PREPAôs own-use. The process to calculate 
the contribution of each one of these elements is described below:  

¶ Customer loads contribution to the system peak: 

o It is calculated from energy sales forecast, 

o An average load factor of the loads is calculated as the combination of 
individual load factors of each customer class weighted by their energy sales 
forecast, 

o The contribution of the load to the system peak is calculated for each year 
over period 2015-2035 as the non-coincident peak multiplied by the 
coincidence factor, which was estimated at 82.8% for fiscal year 2014, i.e.: 
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Where: 

ὉὲὩὶὫώ ὛὥὰὩί ὊέὶὩὧὥίὸ ὋὡὬ:  Total energy sales estimate obtained for 
both considered scenarios for each year 
over period 2015-2035. 

ὒέὥὨ ὒὊ:  Load factor of the load, calculated as the 
average of the load factors provided in 
Table 1-5 weighted by the energy sales 
forecast per customer type, which result 
from the demand forecast exercise, for each 
year over the period 2015-2035. This is 
represented in the formula below: 

ὒέὥὨ ὒὊ
В Ͻ

В
 [2]  

ρπππ ὓὡὬȾὋὡὬ:  Factor to convert GWh to MWh. 

ψȟχφπ Ὤέόὶί:  Total hours of a year. 

Where Ὥ represents the different customer classes (residential, commercial, 
industrial, agricultural, and others). 

On the other hand, the coincidence factor of 0.828 was calculated as the 
quotient of the coincident peak demand over the non-coincident peak 
demand, based on information provided by PREPA for fiscal year 2014. The 
coincident demand was estimated at 2,563.8 MW, while the data of non-
coincident demand at 3,032 MW was provided by PREPA (see Appendix B). 
The coincident demand of 2,563.8 MW was calculated as follows: 

ὅέὭὲὧὭὨὩὲὸ ὖὩὥὯ ὈὩάὥὲὨ ὒέὥὨ
ὔὩὸ ὋὩὲὩὶὥὸὭέὲ ὖὩὥὯὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὝὩὧὬὲὭὧὥὰ ὰέίί
ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὔέὲὸὩὧὬὲὭὧὥὰ ὰέίίὖὙὉὖὃί έύὲ όίὩσȟπσψ ὓὡ

ςωχȢψ ὓὡ ςςτȢσ ὓὡ υȢυ ὓὡ ςȟυρπȢτ ὓὡ [3] 

Each one of the components of [3] is described below. 

The ὔὩὸ ὋὩὲὩὶὥὸὭέὲ ὖὩὥὯ was calculated as the measured gross generation 
peak for fiscal year 2014 (3,159 MW, see Appendix A) minus the peak 
demand from auxiliary generation loads, which is 121 MW and was also 
obtained from the information provided by PREPA in PSS/E simulation runs 
for a generation of 3,159 MW (also shown in Appendix A): 
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ὔὩὸ ὋὩὲὩὶὥὸὭέὲ ὖὩὥὯ
Ὃὶέίί ὋὩὲὩὶὥὸὭέὲ ὖὩὥὯὃόὼὭὰὭὥὶώ ὋὩὲὩὶὥὸὭέὲ ὒέὥὨί ὈὩάὥὲὨ
σȟρυω ὓὡ ρςρ ὓὡ σȟπσψ ὓὡ [4] 

Where: 

Ὃὶέίί ὋὩὲὩὶὥὸὭέὲ ὖὩὥὯ:  3,159 MW for fiscal year 2014. 

ὃόὼὭὰὭὥὶώ ὋὩὲὩὶὥὸὭέὲ ὒέὥὨί ὈὩάὥὲὨ: 121 MW for fiscal year 2014, as obtained 
from PSS/E simulations. 

The contribution of the technical energy loss to the coincident peak 
(ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὝὩὧὬὲὭὧὥὰ ὒέίί) was calculated based on the technical 
energy loss estimate for fiscal year 2014 provided by PREPA (1.687.6 GWh, 
see Appendix A), and using a typical loss factor formula for loss calculation, 
as shown below: 

ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὝὩὧὬὲὭὧὥὰ ὒέίί
   Ͻ  Ⱦ

Ȣ ȢϽ  Ͻ  Ͻȟ  

ȟ Ȣ Ͻ  Ⱦ

Ȣ ϽȢ ϽȢ Ͻ  
ςωχȢψ ὓὡ [5] 

Where: 

ὝὩὧὬὲὭὧὥὰ ὉὲὩὶὫώ ὒέίί:  1,687.6 GWh for fiscal year 2014. 

ρπππ ὓὡὬȾὋὡὬ:  Factor to convert GWh to MWh. 

πȢσ πȢχϽὛώίὸὩά ὒὊϽὛώίὸὩά ὒὊ: Loss factor formula. 

ψȟχφπ Ὤέόὶί:  Total hours of a year. 

The ὛώίὸὩά ὒὊ is the system load factor, which is calculated as the quotient of 
the average power generation over the net generation peak (3,038 MW, see 
Appendix A), which are both measured values provided by PREPA, as shown 
below: 

ὛώίὸὩά ὒὊ
  

   

   Ͻ  Ⱦ

ȟ  

  

ȟ Ȣ Ͻ  Ⱦ

ȟ  

ȟ  
πȢχχ [6] 

Where: 

ὔὩὸ ὋὩὲὩὶὥὸὭέὲ ὖὩὥὯ:  3,038 MW, as calculated in [4] 

Ὕέὸὥὰ ὔὩὸ ὋὩὲὩὶὥὸὭέὲ ὋὡὬ:  Total gross energy generated in fiscal year 
2014 plus Windmar minus the auxiliary 
generation loads consumption (total 
20,508.2 GWh, see Appendix A). 
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ὃὺὩὶὥὫὩ ὋὩὲὩὶὥὸὭέὲ ὓὡ :  Average demand (MW) calculated by 
dividing the Total Net Generation (GWh) 

during fiscal year 2014 (20,508.2 GWh) by 
the total number of hours of a day (8760 
hours). 

ψȟχφπ Ὤέόὶί:  Total hours of a year. 

The contribution of the non-technical energy loss to the coincident peak is 
calculated based on the non-technical energy loss estimate provided by 
PREPA (1,302.1 GWh, see Appendix A) and assuming a load factor of 
0.6626, corresponding to residential customers1, which is the load factor 
provided by PREPA for residential rates (see Appendix B). The 
corresponding formula is shown below: 

ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὔέὲὝὩὧὬὲὭὧὥὰ ὒέίί
   Ͻ  Ⱦ

  Ͻȟ

ȟ Ȣ Ͻ  Ⱦ

Ȣ Ͻȟ
ςςτȢσ ὓὡ [7] 

Where: 

ὔέὲὝὩὧὬὲὭὧὥὰ ὉὲὩὶὫώ ὒέίί:  1,302.1 GWh for fiscal year 2014. 

ρπππ ὓὡὬȾὋὡὬ:  Factor to convert GWh to MWh. 

ὔέὲὸὩὧὬὭὲὧὥὰ ὰέίί ὒὊ: 0.6626 (assumed load factor for non-
technical loss). 

ψȟχφπ Ὤέόὶί:  Total hours of a year. 

Finally, the PREPAôs own use is calculated as the total energy consumption 
by PREPA (35.77 GWh, see Appendix A), divided by the average load factor 
assumed for PREPAôs energy consumption for year fiscal 2014 (0.7433, see 
also Appendix A), resulting as follows: 

ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὖὙὉὖὃί ὕύὲ ὟίὩ

  Ͻ  Ⱦ

ȟ  

 

 

Ȣ  Ͻ  Ⱦ

ȟ  

Ȣ
υȢτω ὓὡ [8] 

Where: 

ὖὙὉὖὃ ὉὲὩὶὫώ ὅέὲίόάὴὸὭέὲ:  35.77 GWh for fiscal year 2014. 

                                                      
 
 
1
  However, there are customers on different classes (e.g. commercial, industrial) with non-

technical energy loss associated. 
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ρπππ ὓὡὬȾὋὡὬ:  Factor to convert GWh to MWh. 

ψȟχφπ Ὤέόὶί:  Total hours of a year. 

o It should be emphasized that equations [3] to [8] were exclusively used for 
the calculation of the coincidence factor of 0.828, while equations [1] and [2] 
were used to estimate the contribution of the costumer load to the system 
peak for each year over the period 2015-2035.    

¶ Auxiliary generation loads contribution to the system peak demand: 

o The current peak contribution by the auxiliary generation loads was estimated 
at 98.2 MW. This value is lower than the 121 MW used before for auxiliary 
generation loads, which corresponded to 3,159 MW of demand. In this case, 
the 98.2 MW also comes from PSS/E simulations but for a case with reduced 
demand (i.e. around 3,000 MW), based on information provided by PREPA 
and the results of the demand forecast exercise. The energy demand of 
these 121 MW of auxiliary generation loads (854.49 GWh) was also part of 
the information provided by PREPA (see Appendix A).  

The value of 98.2 MW is assumed to be constant for each year over period 
2015-2035 for the estimation of the system peak. 

¶ Technical loss contribution to the system peak demand: 

o Based on the information provided by PREPA, technical energy loss was 
estimated as 9.40% of the total energy sales, 

Á As mentioned before, for each month from July 2013 to January 2015, 
PREPA provided estimates of system loss for the previous 12 months; 

Á For every month, it was calculated the percentage that the technical 
energy loss represents out of the total energy sales over the previous 
12 months, 

Á 9.40% was the lowest calculated value; this percentage was selected 
for the estimation of the contribution of technical loss because, firstly, 
it is expected greater efficiency in future system and, secondly, based 
on forecast results the system will be most likely experiencing 
demand lower than recent historical values which also leads to lower 
energy loss.    

o The contribution to the system peak was calculated using a typical loss factor 
and the average load factor calculated for system generation, which as 
shown in [6] was 0.77 during the fiscal year 2013-2014. 

o Thus, the contribution of technical losses to the system peak generation was 
calculated as: 

ὅέὲὸὶὭὦόὸὭέὲ ὖὩὥὯ ὝὩὧὬὲὭὧὥὰ ὒέίίὩί 
  ϽȢ Ͻ  Ⱦ

Ȣ ȢϽȢ ϽȢ Ͻȟ  
 [9] 
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o This formula is used to estimate the contribution of technical losses to the 
system peak for each year over period 2015-2035, based on the energy sales 
forecast.  

¶ Non-Technical loss contribution to the system peak demand: 

o Based on the information provided by PREPA, non-technical energy loss was 
estimated as 7.00% of the total energy sales, 

Á As mentioned before, for each month from July 2013 to January 2015, 
PREPA provided estimates of system loss for the previous 12 months; 

Á For every month, it was calculated the percentage that the non-
technical loss represents out of the total energy sales over the 
previous 12 months, 

Á The calculated values were within the 7.1%-7.5% interval. Because 
non-technical loss percentage is supposed to be kept at their 
minimum, 7.0% was assumed.    

o As mentioned above, the load factor of non-technical energy loss was 
assumed at 66.26%, which is the load factor provided by PREPA for 
residential customers (see Appendix B). It is assumed that this percentage 
will remain constant along the evaluation period (i.e. no actions to change the 
structure of non-technical losses are considered). In addition, the coincidence 
factor of non-technical energy loss is assumed to be the same as for the load, 
i.e. 82.8%. 

o Thus, the contribution of non-technical losses to the system peak generation 
was calculated as: 

ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὔέὲὸὩὧὬὲὭὧὥὰ ὰέίίὩί 

ὔέὲὧέὭὲὧὭὨὩὲὸ ὴὩὥὯϽὧέὭὲὧὭὨὩὲὧὩ Ὢὥὧὸέὶ 

  Ͻ  Ⱦ ϽȢ

ȟ  

Ȣ
ϽπȢψςψ [10] 

o This formula is used to estimate the contribution of non-technical energy 
losses to the system peak for each year over period 2015-2035, based on the 
energy sales forecast.  

¶ PREPAôs own-use contribution to the system peak demand: 

o Based on the information provided by PREPA, its own use was estimated at 
35.77 GWh based on the information from fiscal year 2014 (see Appendix A) 
and the corresponding load factor was assumed as 74.33% (see 
Appendix B), which is the average load factor of industrial customers 
according to information provided by PREPA.  

o Thus, the contribution of PREPA own-use to the system peak generation was 
calculated as: 
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ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὖὙὉὖὃᴂί ὕύὲ ὟίὩ  ὔέὲὧέὭὲὧὭὨὩὲὸ ὴὩὥὯϽὧέὭὲὧὭὨὩὲὧὩ Ὢὥὧὸέὶ 

Ȣ  ϽρπππὓὡὬ
ὋὡὬ

ȟ  

Ȣ
υȢτω ὓὡ [11] 

The value of 5.49 MW is assumed to be constant for each year over period 
2015-2035 for the estimation of the system peak.  

¶ Considering all the formulas presented above, the peak system generation was 
calculated as: 

ὛώίὸὩά ὖὩὥὯ 

ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὒέὥὨωψȢς ὓὡ ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὝὩὧὬὲὭὧὥὰ ὒέίίὩί

ὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὔέὲὝὩὧὬὲὭὧὥὰ ὰέίίὩίὖὩὥὯ ὅέὲὸὶὭὦόὸὭέὲ ὖὙὉὖὃί ὕύὲ ὟίὩ  [12] 

o This formula, that summarizes the results of [1], [9], [10], and [11], and the 
contribution to the system peak of the auxiliary generation loads (98.2 MW), 
was used to estimate the system peak for each year over period 2015-2035, 
based on the energy sales forecast.  

1.3 Results 

Results are presented as follows: 

¶ Best energy sales forecasting models for the residential, commercial, and industrial 
customers are introduced, with a brief description of the decision making process of 
model selection, 

¶ Global energy demand forecast is presented, for both considered scenarios, which 
considers the energy forecast for every customer class less the impact (reduction) of 
energy efficiency program implementation, 

¶ Results for peak load are presented for both scenarios, 

¶ PREPA forecast is validated versus the results obtained by the Consulting Team. 

1.3.1 Obtained Models for Energy Forecast 

For the residential customers, the resulting best option for forecasting is a VAR model, 
which simultaneously applies to sales/consumption and number of customers with 1-
period lag. The model comprises the following equations: 

ὒͅὛͅὙὉὛ  πȢπςχπψσϽὒͅὛͅὙὉὛὸ ρ  πȢρπςυρφϽὒͅὔͅὙὉὛὸ ρ   πȢψφςωρψϽὒͅὋὈὖ  πȢψφσυςπ [13] 

ὒͅὔͅὙὉὛ    πȢπυςυφχϽὒͅὛͅὙὉὛὸ ρ  πȢψψρσρπϽὒͅὔͅὙὉὛὸ ρ   πȢπψτςτυϽὒͅὋὈὖ  ρȢσυωρπρ [14] 
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Where 

ὒͅὛͅὙὉὛ: Natural logarithm of energy sales to residential customers for year t 

ὒͅὛͅὙὉὛ: Natural logarithm of energy sales to residential customers for year t-1 

ὒͅὔͅὙὉὛ: Natural logarithm of number of residential customers for year t 

ὒͅὔͅὙὉὛ: Natural logarithm of number of residential customers for year t-1 

ὒͅὋὈὖ: Natural logarithm of GDP for year t 

For the commercial customers, the resulting best option for forecasting is also a VAR 
model, which simultaneously applies to sales/consumption and number of customers 
with 1-period and 2-period lags. The model comprises the following equations: 

ὒͅὛͅὅὕὓ  πȢςωσχπσϽὒͅὛͅὅὕὓὸ ρ  πȢςφψςπωϽὒͅὛͅὅὕὓὸ ς  πȢχφψςτσϽὒͅὔͅὅὕὓὸ ρ 

 πȢψρφρυυϽὒͅὔͅὅὕὓὸ ς  πȢςτωτσυϽὒͅὖὕὖ  πȢσφςψυυϽὒͅὋὈὖ  σȢψρτχρσ [15] 

ὒͅὔͅὅὕὓ  πȢπψψφωσϽὒͅὛͅὅὕὓὸ ρ  πȢπτυςσσϽὒͅὛͅὅὕὓὸ ς  πȢχωςςπφϽὒͅὔͅὅὕὓὸ ρ 

 πȢςψσςψυϽὒͅὔͅὅὕὓὸ ς  πȢσρυτχφϽὒͅὖὕὖ  πȢπρτωςυυϽὒͅὋὈὖ  πȢπχπυστ [16] 

Where: 

ὒͅὛͅὅὕὓ: Natural logarithm of energy sales to commercial customers for year t 

ὒͅὛͅὅὕὓ : Natural logarithm of energy sales to commercial customers for year t-
1 

ὒͅὛͅὅὕὓ : Natural logarithm of energy sales to commercial customers for year t-
2 

ὒͅὔͅὅὕὓ: Natural logarithm of number of commercial customers for year t 

ὒͅὔͅὅὕὓ : Natural logarithm of number of commercial customers for year t-1 

ὒͅὔͅὅὕὓ : Natural logarithm of number of commercial customers for year t-2 

ὒͅὖὕὖ: Natural logarithm of population for year t 

ὒͅὋὈὖ: Natural logarithm of GDP for year t 

Finally, for industrial customers, the resulting best option for forecasting is an 
autoregressive model, which has 1-period and 2-period lags. The model comprises the 
following equations: 

ὒͅὛͅὍὔὈ  πȢφψψυχτϽὒͅὛͅὍὔὈ  πȢπυςπρωϽὒͅὛͅὍὔὈ  πȢρφπωρσϽὒͅὔͅὍὔὈ πȢωσωφςχ [17] 

Where: 

ὒͅὛͅὍὔὈ: Natural logarithm of energy sales to industrial customers for year t 
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ὒͅὛͅὍὔὈ: Natural logarithm of energy sales to industrial customers for year t-1 

ὒͅὛͅὍὔὈ: Natural logarithm of energy sales to industrial customers for year t-2 

ὒͅὔͅὍὔὈ: Natural logarithm of number of industrial customers 

1.3.2 Results for Energy Forecast 

Table 1-7 below shows the results of the energy sales forecast for the Base Scenario. 
From this point forward, instead of indicating both years of start and finish, fiscal years 
are identified only by the year they finish (for example, fiscal year 2014-2015 is showed 
as 2015).   

Table 1-7: Energy Forecast for Base Scenario 

Fiscal Year Residential Commercial Industrial Public Lighting Agricultural Others Total 

2015 6,200 8,363 2,344 296 27 34 17,264 

2016 6,246 8,306 2,262 296 27 35 17,173 

2017 6,337 8,329 2,189 296 27 34 17,213 

2018 6,425 8,387 2,136 296 27 34 17,305 

2019 6,496 8,448 2,097 296 27 34 17,398 

2020 6,499 8,473 2,068 296 27 34 17,396 

2021 6,499 8,487 2,046 296 27 34 17,389 

2022 6,500 8,496 2,029 296 27 34 17,382 

2023 6,500 8,508 2,017 296 27 34 17,382 

2024 6,500 8,523 2,008 296 27 34 17,388 

2025 6,501 8,539 2,001 296 27 34 17,397 

2026 6,501 8,555 1,995 296 27 34 17,408 

2027 6,501 8,571 1,991 296 27 34 17,421 

2028 6,501 8,588 1,988 296 27 34 17,435 

2029 6,501 8,606 1,986 296 27 34 17,450 

2030 6,501 8,625 1,984 296 27 34 17,468 

2031 6,502 8,646 1,983 296 27 34 17,487 

2032 6,502 8,667 1,982 296 27 34 17,508 

2033 6,502 8,690 1,981 296 27 34 17,530 

2034 6,502 8,714 1,981 296 27 34 17,554 

2035 6,502 8,739 1,980 296 27 34 17,579 

 

Table 1-8 below shows the results of the energy forecast for the Optimistic Scenario. 

Table 1-8: Energy Forecast for Optimistic Scenario 

Fiscal Year Residential Commercial Industrial Public Lighting Agricultural Others Total 

2015 6,200 8,363 2,387 296 27 34 17,307 

2016 6,246 8,306 2,362 296 27 35 17,273 

2017 6,337 8,329 2,357 296 27 34 17,380 

2018 6,425 8,387 2,365 296 27 34 17,534 

2019 6,496 8,448 2,383 296 27 34 17,684 

2020 6,555 8,503 2,396 296 27 34 17,811 

2021 6,614 8,558 2,407 296 27 34 17,936 
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Fiscal Year Residential Commercial Industrial Public Lighting Agricultural Others Total 

2022 6,674 8,617 2,414 296 27 34 18,062 

2023 6,734 8,684 2,420 296 27 34 18,195 

2024 6,795 8,757 2,424 296 27 34 18,334 

2025 6,857 8,836 2,428 296 27 34 18,478 

2026 6,920 8,918 2,430 296 27 34 18,625 

2027 6,983 9,004 2,432 296 27 34 18,776 

2028 7,046 9,093 2,434 296 27 34 18,930 

2029 7,111 9,185 2,435 296 27 34 19,088 

2030 7,176 9,280 2,436 296 27 34 19,249 

2031 7,241 9,379 2,436 296 27 34 19,413 

2032 7,307 9,480 2,437 296 27 34 19,581 

2033 7,374 9,584 2,437 296 27 34 19,753 

2034 7,442 9,691 2,437 296 27 34 19,928 

2035 7,510 9,801 2,438 296 27 34 20,106 

 

As can be observed in the Figure 1-1 below, results for both scenarios are almost 
identical until 2019. The slightly different assumptions and values for population and 
number of industrial customers result into only small differences in the energy forecast 
for the initial years. 

However, assumptions for GDP start making a difference in 2020 by affecting the 
forecast for residential and commercial customers. Thus, it is clear that economic activity 
determines the energy sales/demand in a great extent.  



 Demand Forecast 

 
 

 
1-19 

Siemens Industry, Inc. ï Siemens Power Technologies International 
R054-15 Integrated Resource Plan Volume III 

Demand and Fuel Forecasts and Demand Side Management   

   

      

Figure 1-1: Comparison of Scenario Forecast Results 

  

1.3.3 Impact of Energy Efficiency Program 

Table 1-9 below shows the estimated savings on energy as a result of the 
implementation by the Commonwealth Energy Public Policy Office (CEPPO) of the 
Energy Efficiency (EE) program for government agencies and public corporations 
according to the Act 57 or ñAct for the Transformation and Energy Relief of Puerto Rico.ò 
More details of this program are presented in subsection 3.2.1 later in this report. An 
achievement of 80% was assumed in the preparation of the demand forecast as there 
are concerns with respect full accomplishment of this program. The resulting value is 
shown in the right column.  

Table 1-9: Estimate of Energy Efficiency (EE) Program Implementation 

Fiscal 
Year 

Planned Annual 
Incremental Reduction 

(GWh) 

Planned 
Cumulative Reduction 

(GWh) 

Assumed Achievement  
(GWh) 

2015 134 134 107
2
 

                                                      
 
 
2
  After the forecast exercise was completed, PREPA informed that the energy efficiency 

program was not implemented during fiscal 2015, so the resulting reduction was zero. 
Because at this point it is unknown how this delay will affect the program implementation over 
the next years and the amount of 107 GWh (the expected reduction for 2015) is relatively 
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Fiscal 
Year 

Planned Annual 
Incremental Reduction 

(GWh) 

Planned 
Cumulative Reduction 

(GWh) 

Assumed Achievement  
(GWh) 

2016 134 268 215 

2017 134 403 322 

2018 110 512 410 

2019 110 622 498 

2020 110 732 585 

2021 110 842 673 

2022 109 951 761 

2023 0 951 761 

2024 0 951 761 

2025 0 951 761 
2026 0 951 761 

2027 0 951 761 

2028 0 951 761 

2029 0 951 761 

2030 0 951 761 

2031 0 951 761 

2032 0 951 761 

2033 0 951 761 

2034 0 951 761 

2035 0 951 761 

 

1.3.4 Results for System Peak 

Table 1-10 below summarizes the results of the load forecast for both considered scenarios. 
Detail of the calculation of these numbers is presented in Appendix C. In specific, these 
results correspond to the Portfolio 1 (Small New Builds and Repowering) and the 80% 
achievement on the Energy Efficiency Program for government agencies and public 
corporations, as some sensitivity cases were also considered. 

Table 1-10: Summary of Results for System Peak (MW) for 
Base and Optimistic Scenarios 

Fiscal Year Base Scenario Optimistic Scenario 

2015 2,960 2,982 

2016 2,902 2,948 

2017 2,874 2,948 

2018 2,862 2,959 

2019 2,851 2,969 

2020 2,802 2,953 

                                                                                                                                                              
 
 

small (34 MW, i.e. approximately 1% of the total demand), it was recommended by the 
Consulting Team to continue with the forecast exercise as presented in this section, including 
the sensitivity cases showed later, considering the reduction of 107 GWh as happened in 
2015. 
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Fiscal Year Base Scenario Optimistic Scenario 

2021 2,773 2,960 

2022 2,745 2,966 

2023 2,744 2,988 

2024 2,745 3,012 

2025 2,746 3,036 

2026 2,748 3,061 

2027 2,751 3,086 

2028 2,753 3,112 

2029 2,756 3,139 

2030 2,759 3,166 

2031 2,762 3,194 

2032 2,766 3,222 

2033 2,769 3,251 

2034 2,773 3,280 

2035 2,778 3,311 

 

A series of sensitivities cases were also considered, which are briefly presented below. 

1.3.4.1 Sensitivity Case 1: Achievement of 100% on Energy Efficiency Program 
Implementation 

The base assumption is that achievement of Energy Efficiency Program for government 
agencies and public corporations will be 80%. A sensitivity case of 100% was also 
considered, and results are summarized below in the Table 1-11 below. This sensitivity was 
not used in any of the Futures of the IRP study as it was considered highly unlikely.  

Table 1-11: Summary of Results for System Peak (MW) for 
Base and Optimistic Scenarios, with 100% Achievement on 

Energy Efficiency Program 

Fiscal Year Base Scenario Optimistic Scenario 

2015 2,952 2,977 

2016 2,885 2,939 

2017 2,849 2,934 

2018 2,830 2,941 

2019 2,812 2,948 

2020 2,756 2,929 

2021 2,721 2,931 

2022 2,686 2,934 

2023 2,685 2,957 

2024 2,686 2,980 

2025 2,687 3,004 

2026 2,689 3,029 

2027 2,692 3,054 

2028 2,694 3,080 

2029 2,697 3,107 

2030 2,700 3,134 

2031 2,703 3,162 
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Fiscal Year Base Scenario Optimistic Scenario 

2032 2,706 3,190 

2033 2,710 3,219 

2034 2,714 3,249 

2035 2,718 3,279 

 

Detail of the calculation of these numbers is also presented in Appendix C. 

1.3.4.2 Sensitivity Case 2: New Combined Cycle Units (Portfolios 2 and 3)  

The forecast series presented above were developed under the assumptions of Portfolio 1 
(small new builds and repowering) which represents a small reduction on the auxiliary 
generation loads requirements and, therefore, leads to a smaller contribution to the system 
peak. In the case of portfolios 2 and 3, the construction of new combined cycles would 
represent a greater reduction of the auxiliary loads and a smaller contribution to the system 
peak. The reason for this is that the new generation is modeled as ñNet to the Gridò; i.e. the 
power output is after the auxiliary services are supplied by the generation. 

The estimated contribution to the system peak of the auxiliary generation loads considering 
the ñNet to the Gridò model described above can be summarized as follows: 

¶ From fiscal years 2015 to 2019: 98.2 MW, 

¶ From fiscal years 2020 to 2022: 76.2 MW, 

¶ Fiscal year 2023: 51 MW, 

¶ Fiscal year 2024: 26 MW, 

¶ Fiscal year 2025 and beyond: 0 MW. 

Assumptions Reductions for both portfolios were estimated to be the same. Results are 
presented in the Table 1-12 below.  

Table 1-12: Summary of Results for System Peak (MW) for 
Base and Optimistic Scenarios, with Portfolio 2 and 3 

Implementation (Greater Reduction on Ancillary Services) 

Fiscal Year Base Scenario Optimistic Scenario 

2015 2,960 2,982 

2016 2,902 2,948 

2017 2,874 2,948 

2018 2,862 2,959 

2019 2,851 2,969 

2020 2,802 2,953 

2021 2,773 2,960 

2022 2,745 2,966 

2023 2,718 2,963 

2024 2,694 2,962 
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Fiscal Year Base Scenario Optimistic Scenario 

2025 2,670 2,960 

2026 2,672 2,985 

2027 2,674 3,010 

2028 2,677 3,036 

2029 2,679 3,063 

2030 2,682 3,090 

2031 2,686 3,118 

2032 2,689 3,146 

2033 2,693 3,175 

2034 2,697 3,204 

2035 2,701 3,234 

 

Detail of the calculation of these numbers is also presented in Appendix C. 

1.3.4.3 Sensitivity Case 3: 100% Achievement on Energy Efficiency Program for 
Public Entities Implementation and New Combined Cycle Units (Portfolios 2 
and 3) 

A third sensitivity case can be derived from the combination of the previous two, i.e. impact of 
100% achievement on energy efficiency program for government agencies and public 
corporations and the construction of new combined cycle units. Resulting forecast series are 
almost the base case values minus the sum of reductions from both cases, with the only 
exception that ñNet to the Gridò modeling of the generating units is postponed until fiscal year 
2029, as they will be contributing to system peak from fiscal years 2025 to 2028 with 26 MW. 

Results are summarized below in the Table 1-13 below. 

Table 1-13: Summary of Results for System Peak (MW) for 
Base and Optimistic Scenarios, with 100% Achievement on 

Energy Efficiency Program and Portfolio 2 and 3 
Implementation 

Fiscal Year Base Scenario Optimistic Scenario 

2015 2,952 2,977 

2016 2,885 2,939 

2017 2,849 2,934 

2018 2,830 2,941 

2019 2,812 2,948 

2020 2,756 2,929 

2021 2,721 2,931 

2022 2,686 2,934 

2023 2,659 2,931 

2024 2,635 2,930 

2025 2,637 2,954 

2026 2,639 2,979 

2027 2,641 3,004 

2028 2,644 3,030 

2029 2,620 3,031 
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Fiscal Year Base Scenario Optimistic Scenario 

2030 2,623 3,058 

2031 2,626 3,086 

2032 2,630 3,114 

2033 2,634 3,143 

2034 2,638 3,173 

2035 2,642 3,203 

 

Detail of the calculation of these numbers is also presented in Appendix C. 

1.3.5 Validation of Forecast Prepared by PREPA 

The system peak forecast obtained by the Consulting Team was compared to the forecast 
series developed by PREPA. The purpose was to validate the forecast provided by PREPA 
and use it as the base for the development of the IRP. 

The Table 1-14 below summarizes results obtained for the Base and Optimistic scenarios, in 
particular the corresponding to Portfolio 1 and 80% achievement of Energy Efficiency 
Program for government loads, as well as the forecast series resulting from the forecast 
provided by PREPA and after the execution of the mathematical calculations described in 
1.2.4.4 and the impact of the Energy Efficiency Program implementation. 

It is important to mention that the system peak of 3,030 MW provided by PREPA for fiscal 
year 2015 is the actual value. 
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Table 1-14: Summary of Results for System Peak (MW) for 
Base and Optimistic Scenarios, and the Forecast by PREPA 

Fiscal Year Base Scenario Optimistic Scenario PREPA 

2015 2,960 2,982 3,030 

2016 2,902 2,948 2,969 

2017 2,874 2,948 2,967 

2018 2,862 2,959 2,964 

2019 2,851 2,969 2,968 

2020 2,802 2,953 2,932 

2021 2,773 2,960 2,920 

2022 2,745 2,966 2,907 

2023 2,744 2,988 2,909 

2024 2,745 3,012 2,910 

2025 2,746 3,036 2,912 

2026 2,748 3,061 2,913 

2027 2,751 3,086 2,915 

2028 2,753 3,112 2,917 

2029 2,756 3,139 2,918 

2030 2,759 3,166 2,920 

2031 2,762 3,194 2,921 

2032 2,766 3,222 2,922 

2033 2,769 3,251 2,924 

2034 2,773 3,280 2,925 

2035 2,778 3,311 2,927 

 

The Figure 1-2 shows a plot of these same series in order to facilitate the analysis and 
comparison. As can be observed, the values based on PREPA forecast remain between the 
results of both considered scenarios. 
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Figure 1-2: Comparison of Scenario Forecast Results 

  

 

In a later date, PREPA provided a revised version of the system peak forecast, which 
was only used in Future 4 and is presented in the below. 

Table 1-15: Revised System Peak (MW) Forecast Provided 
by PREPA 

Fiscal Year PREPA 

2015 3,030 

2016 2,969 

2017 2,950 

2018 2,947 

2019 2,950 

2020 2,915 

2021 2,903 

2022 2,890 

2023 2,892 

2024 2,893 

2025 2,895 

2026 2,897 

2027 2,898 

2028 2,900 

2029 2,901 
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Fiscal Year PREPA 

2030 2,903 

2031 2,904 

2032 2,906 

2033 2,907 

2034 2,909 

2035 2,910 

 

The Figure 1-3 shows a plot of these revised values and results for the considered scenarios. 
Again, it can be observed that the values based on PREPA forecast remain between the 
results of both considered scenarios. 

Figure 1-3: Comparison of Scenario Forecast Results to PREPAôs Revised Values 

  

The obtained results for both Base and Optimistic Scenarios show that the forecast prepared 
and presented by PREPA is reasonable and can be used for the development of the IRP. 

1.4 Conclusions and Recommendations 

Based on the results obtained from the system peak forecast exercise conducted by the 
Consulting Team and the review and analysis of the information provided by PREPA, 
including their own forecast series, the following can be concluded:  
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¶ The system peak as presented in the forecast prepared by PREPA is very stationary 
and shows a minimum to no growth. This is consistent with the forecast prepared by 
the Consulting Team, in particular for the Base Scenario. 

¶ Moreover, the forecast prepared by PREPA as well as the forecast prepared by the 
Consulting Team, for both considered scenarios, show that system peak would not 
grow or would even decrease at least until year 2022; in specific, according to 
PREPA forecast and the results obtained for Base Scenario, the system peak would  
decrease an estimate of 100-200 MW until fiscal year 2022. 

¶ Based on the comparison with the obtained results for both Base and Optimistic 
Scenarios, it can be conclude that the forecast prepared and presented by PREPA is 
reasonable and can be used for the development of the IRP. 

¶ None of the Futures in the IRP study used the optimistic forecast. However this 
forecast is consistent with the expanded capital availability of Future 3 and if it were 
to happen the accelerated installation plan considered under this Future would be 
able to attend it at least in the short term (2015 to 2025). 
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Section 

2 
Fuel Price Forecast 

2.1 Introduction 

The aim of this section of the report is to present and discuss all the aspects regarding 
the fuel price forecast, prepared as required for the development of the Integrated 
Resource Planning (IRP) for PREPA. This includes a concise presentation of the data 
used, a brief but complete description of the methodology and the necessary 
assumptions, and finally the obtained results. The forecast has been prepared for the 
period 2015-2035. 

2.2 Data, Assumptions and Methodology 

2.2.1 Review of Data Received from PREPA 

PREPA provided historical daily values of fuel prices and adders since January 1st 2010, 
as well as the price formulas used on their own fuel price calculations. In addition, 
PREPA provided contractual information describing the methodology for fuel price 
calculations, particularly for AES-PR, and energy charge that includes a fuel component, 
for EcoEléctrica. 

As described below, PREPA uses price markers information to calculate the final price of 
fuel No. 2, No. 6 and Natural Gas used for power generation. This means that the price 
information collected from specialized publications is not directly used, but prices 
applicable are calculated based on specific formulas. 

In addition, some fuel price formulas used by PREPA have changed over the last five 
years. The Consulting Team may have used the most recent applicable formulas with 
historical values, and then results shown by the Consulting Team may not be fully 
consistent with the PREPAôs historical prices.  

2.2.1.1 Historical Figures 

PREPA provided historical data of different fuel prices for the period January 1st, 2010 
until March 26th, 2015. The following are of particular importance for the calculation of 
final prices for No. 6, No. 2, and Natural Gas: 

¶ For No. 6 price calculation, the following information is relevant: 

o 0.3% sulfur content (High Pour) lowest and highest daily price as provided by 
Platt for New York/Boston cargo, 

o 0.7% sulfur content lowest and highest daily price as provided by Platt for 
New York/Boston cargo. 
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¶ For No. 2 price calculation, the following information is relevant: 

o Ultra Low Sulfur Diesel (ULSD) lowest and highest daily price as provided by 
Platt for New York/Boston cargo, 

o ULSD lowest and highest daily price as provided by Platt for Gulf Coast, 

o ULSD lowest and highest daily price as provided by Argus for New York, 

o ULSD lowest and highest daily price as provided by Argus for Gulf Coast. 

¶ For Natural Gas price calculation, the following information is relevant: 

o 0.3% sulfur content (Low Pour) No. 6, lowest and highest daily price as 
provided by Platt for New York/Boston cargo, 

o 0.7% sulfur content No. 6, lowest and highest daily price as provided by Platt 
for New York/Boston cargo. 

PREPA also provided historical information of historical coal prices for years 2013 and 
2014, which is used for power generation at AES-PR plant. 

Appendix D presents a summary of the data provided by PREPA and relevant to the fuel 
price forecast. 

2.2.1.2 Calculation Formulas 

As mentioned before, PREPA uses formulas for calculating the price of fuels No. 6 and 
No. 2 and Natural Gas, based on price markers. Thus, for modeling and forecasting 
purposes, instead of working with each one of these markers individually, the formulas 
were used and the forecast series were generated for the resulting prices of No. 6, No. 2 
and Natural Gas. The formulas are the following: 

ὖὶὭὧὩ ὔέȢφ
υπϷϽ
ὃὺὩὶὥὫὩπȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩπȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ
πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩπȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ
πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩπȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ υπϷϽ
ὃὺὩὶὥὫὩπȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩπȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ
πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩπȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ
πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩπȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ [1] 

Where  

ὖὶὭὧὩ : Fuel price for day t, in dollars per barrel 
πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t-1 (previous day), in 

dollars per barrel, of 0.3% sulfur content 
diesel (High Pour) at New York/Boston 
cargo, according to Platts 
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πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ  : Lowest price for day t-1 (previous day), in 
dollars per barrel, of 0.3% sulfur content 
diesel (High Pour) at New York/Boston 
cargo, according to Platts 

πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t (same day), in dollars 
per barrel, of 0.3% sulfur content diesel 
(High Pour) at New York/Boston cargo, 
according to Platts 

πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t (same day), in dollars 
per barrel, of 0.3% sulfur content diesel 
(High Pour) at New York/Boston cargo, 
according to Platts 

πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t+1 (next day), in 
dollars per barrel, of 0.3% sulfur content 
diesel (High Pour) at New York/Boston 
cargo, according to Platts 

πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t+1 (next day), in 
dollars per barrel, of 0.3% sulfur content 
diesel (High Pour) at New York/Boston 
cargo, according to Platts 

πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t-1 (previous day), in 
dollars per barrel, of 0.7% sulfur content 
diesel at New York/Boston cargo, according 
to Platts 

πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t-1 (previous day), in 
dollars per barrel, of 0.7% sulfur content 
diesel at New York/Boston cargo, according 
to Platts 

πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t (same day), in dollars 
per barrel, of 0.7% sulfur content diesel at 
New York/Boston cargo, according to Platts 

πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t (same day), in dollars 
per barrel, of 0.7% sulfur content diesel at 
New York/Boston cargo, according to Platts 

πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t+1 (next day), in 
dollars per barrel, of 0.7% sulfur content 
diesel at New York/Boston cargo, according 
to Platts 

πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t+1 (next day), in 
dollars per barrel, of 0.7% sulfur content 
diesel at New York/Boston cargo, according 
to Platts 
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ὖὶὭὧὩ ὔέȢς
υπϷϽ
ὃὺὩὶὥὫὩὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὋὅ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὋὅ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὋὅ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὋὅ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὋὅ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὋὅ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ υπϷϽ
ὃὺὩὶὥὫὩὟὒὛὈͽὔὣὄ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩ ὟὒὛὈͽὔὣὄ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὔὣὄ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὔὣὄ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὔὣὄ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὔὣὄ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὋὅ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὋὅ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὋὅ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὋὅ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ
ὟὒὛὈͽὋὅ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩὟὒὛὈͽὋὅ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩϽπȢτς [2] 

Where: 

ὖὶὭὧὩ : Fuel price for day t in dollars per barrel, 
ὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t-1 (previous day), in 

dollars per barrel, of ULSD at New 
York/Boston cargo, according to Platts 

ὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t-1 (previous day), in 
dollars per barrel, of ULSD at New 
York/Boston cargo, according to Platts 

ὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t (same day), in dollars 
per barrel, of ULSD at New York/Boston 
cargo, according to Platts 

ὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t (same day), in dollars 
per barrel, of ULSD at New York/Boston 
cargo, according to Platts 

ὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t+1 (next day), in 
dollars per barrel, of ULSD at New 
York/Boston cargo, according to Platts 

ὟὒὛὈͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t+1 (next day), in 
dollars per barrel, of ULSD at New 
York/Boston cargo, according to Platts 

ὟὒὛὈͽὋὅ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t-1 (previous day), in 
dollars per barrel, of ULSD at Gulf Coast, 
according to Platts 

ὟὒὛὈͽὋὅ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t-1 (previous day), in 
dollars per barrel, of ULSD at Gulf Coast, 
according to Platts 

ὟὒὛὈͽὋὅ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t (same day), in dollars 
per barrel, of ULSD at Gulf Coast, according 
to Platts 

ὟὒὛὈͽὋὅ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t (same day), in dollars 
per barrel, of ULSD at Gulf Coast, according 
to Platts 
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ὟὒὛὈͽὋὅ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t+1 (next day), in 
dollars per barrel, of ULSD at Gulf Coast, 
according to Platts 

ὟὒὛὈͽὋὅ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t+1 (next day), in 
dollars per barrel, of ULSD at Gulf Coast, 
according to Platts 

ὟὒὛὈͽὔὣὄ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t-1 (previous day), in 
dollars per barrel, of ULSD at New 
York/Boston cargo, according to Argus 

ὟὒὛὈͽὔὣὄ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t-1 (previous day), in 
dollars per barrel, of ULSD at New 
York/Boston cargo, according to Argus 

ὟὒὛὈͽὔὣὄ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t (same day), in dollars 
per barrel, of ULSD at New York/Boston 
cargo, according to Argus 

ὟὒὛὈͽὔὣὄ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t (same day), in dollars 
per barrel, of ULSD at New York/Boston 
cargo, according to Argus 

ὟὒὛὈͽὔὣὄ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t+1 (next day), in 
dollars per barrel, of ULSD at New 
York/Boston cargo, according to Argus 

ὟὒὛὈͽὔὣὄ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t+1 (next day), in 
dollars per barrel, of ULSD at New 
York/Boston cargo, according to Argus 

ὟὒὛὈͽὋὅ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t-1 (previous day), in 
dollars per barrel, of ULSD at Gulf Coast, 
according to Argus 

ὟὒὛὈͽὋὅ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t-1 (previous day), in 
dollars per barrel, of ULSD at Gulf Coast, 
according to Argus 

ὟὒὛὈͽὋὅ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t (same day), in dollars 
per barrel, of ULSD at Gulf Coast, according 
to Argus 

ὟὒὛὈͽὋὅ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t (same day), in dollars 
per barrel, of ULSD at Gulf Coast, according 
to Argus 

ὟὒὛὈͽὋὅ ὃὶὫόί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day t+1 (next day), in 
dollars per barrel, of ULSD at Gulf Coast, 
according to Argus 

ὟὒὛὈͽὋὅ ὃὶὫόί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day t+1 (next day), in 
dollars per barrel, of ULSD at Gulf Coast, 
according to Argus 

 
ὖὶὭὧὩ ὍὲὨὩὼ ὔὥὸόὶὥὰ Ὃὥί

ϽВ πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩπȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ

πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩπȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ [3] 

Where: 
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ὖὶὭὧὩ ὍὲὨὩὼ : Fuel price index for day t, in dollars per 
barrel 

ὲ : Number of days of previous quarter 
Ὥ : Each day of previous quarter 
πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day i, in dollars per barrel, 

of 0.3% sulfur content diesel (Low Pour) at 
New York/Boston cargo, according to Platts 

πȢσϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day i, in dollars per barrel, 
of 0.3% sulfur content diesel (Low Pour) at 
New York/Boston cargo, according to Platts 

πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὌὭὫὬὩίὸ ὖὶὭὧὩ : Highest price for day i, in dollars per barrel, 
of 0.7% sulfur content diesel at New 
York/Boston cargo, according to Platts 

πȢχϷὛͽὔὣὄ ὖὰὥὸὸί ὒέύὩίὸ ὖὶὭὧὩ : Lowest price for day i, in dollars per barrel, 
of 0.7% sulfur content diesel at New 
York/Boston cargo, according to Platts 

 
The price index for natural gas is defined by the formula presented above. In addition, to 
calculate the natural gas price using this index, the following formula is used: 

ὖὶὭὧὩ  ὔὥὸόὶὥὰ Ὃὥί ὖὶὭὧὩ ὍὲὨὩὼϽπȢρςτρȢυ [4] 

Where 

ὖὶὭὧὩ : Natural gas price for day t, in dollars per 
MBtu 

ὖὶὭὧὩ ὍὲὨὩὼ : Fuel price index for day t, in dollars per 
barrel 

ὲ : Number of days of previous quarter 
 
However, this formula is only applicable until September 30th, 2015. Starting in October 
1st, 2015, the following formula will apply: 
 

ὖὶὭὧὩ  ὔὥὸόὶὥὰ Ὃὥί υπϷϽὖρ υπϷϽὖς [5] 

 
Where 
 

ὖὶὭὧὩ : Natural gas price for day t, in dollars per 
MBtu 

And 
 
ὖρ ὖὶὭὧὩ ὍὲὨὩὼϽπȢρςρυρȢρςυ [6] 

 
ὖὶὭὧὩ ὍὲὨὩὼ : is the unweighted average for the 6-month 

period prior to the relevant quarter of the 
mean dated fuel with zero point five percent 
(0.5%) sulfur as interpolated from the 
means of zero point three percent (0.3%) 
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sulfur LP and zero point seven percent 
(0.7%) sulfur fuels, as published by the 
Plattsô Oilgram Price Report PRICE 
AVERAGE SUPPLEMENT, Estimated New 
York spot No. 6 Fuel Oil Cargo columns, 
rounded to two (2) decimal places 

 

ὖς ὌὌϽπȢρρυυȢωυ [7] 

 

ὖὶὭὧὩ : Natural gas price for day t, in dollars per 
MBtu 

ὖὶὭὧὩ ὍὲὨὩὼ : HH (in US$/MBtu) is the final settlement 
price for the New York Mercantile 
Exchange's Henry Hub natural gas futures 
contracts for the month previous to the 
month of delivery, rounded to two (2) 
decimal places 

 
As can be observed, the formula for natural gas price calculation applicable until 
September 30th, 2015 is completely indexed to liquid fuels price (0.3% sulfur LP and 
0.7% sulfur), while the formula to be applied from October 1st forward is half indexed to 
liquid fuels price and half to the price of natural gas at Henry Hub. 
  
In addition, the fuel component of the energy price applicable to EcoEléctrica has two 
components: the ñEnergy Purchase Priceò (EPP), which applies to power generation 
under 76% of EcoEléctrica plant capacity, and the ñSpot Fuel Priceò that contractually is 
defined as the backup fuel at EcoEléctrica plant. The formula for calculation of EPP is 
the following: 
 
Ὁὖὖ  ὔὄὠ ὼ ὶὭȾὶέ ὼ πȢυ  πȢπρωυχ ὼ ὫὭȾὫέ ὼ πȢυ  [8] 

Where: 
 
ὔὄὠ : New Base Value (as per Second 

Amendment to the PPOA) 
ὶὭ : Average of the twelve (12) monthly values 

of the US-CPI for the twelve (12) Months 
ending on December 31 of the Year 
immediately prior to the date of the 
adjustment 

ὶέ : US-CPI for Base Year 2003 
ὫὭ : U.S. Spot Gas Price for prior year 
Ὣέ : U.S. Spot Gas Price Base Value (65%-35%) 
 
In the PPOA, the U.S. Spot Gas Index is defined as the average of the thirty-six (36) 
values representing the New York Mercantile Exchange ("NYMEX") closing prices on the 
last three (3) trading Days of the NYMEX natural gas futures contracts for each of the 
twelve (12) Months of the prior year. For the purpose of the fuel price forecasting, and 
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because the estimations were handled exclusively as monthly values, the U.S. Spot Gas 
was defined as the average the twelve (12) months of the prior year. In addition: 

ὔὄὠ  Ὂὃ  ὼ  πȢπρωυχ 
 
 ϽπȢπρωυχ

Ȣ

Ȣ
ϽπȢπρωυχ πȢπσσχςυ  [9] 

Where: 
 

ὅὖὍ  : Average for year 2003 of Consumer Price 
Index (CPI) in Puerto Rico 

ὅὖὍ   : Consumer Price Index (CPI) in Puerto Rico 

at January 1994 
As showed later in this report, the price of coal delivered to AES-PR has been settled by 
contract for years 2015, 2016 and 2017. AES-PR plant burns Colombian coal. From year 
2019 forward, the coal price to AES-PR is defined as follows: 

ὖὶὭὧὩȟ  ὃὺὩὶὥὫὩὖὶὭὧὩϽὣὕὣὋὙ ὖὶὭὧὩὙὩὪὩὶὩὲὧὩ  [10] 

Where: 

ὖὶὭὧὩȟ : Price of coal delivered to AES-PR for month 

t and year Y, in dollars per MBtu  
ὖὶὭὧὩ : Monthly prices of coal delivered to AES-PR 

during for year Y-1, in dollars per MBtu   
ὣὕὣὋὙ ὖὶὭὧὩὙὩὪὩὶὩὲὧὩ  : Year-over-year growth rate (estimated 

average for year Y divided by estimated 
average for Y-1) of reference coal price, in 
dollars per MBtu 

 
From [10] it is clear that the coal price for the 12 months of a calendar year is assumed 
to be same. 

As also mentioned later in this report, the price marker in [10] was assumed to be the 
Central Appalachian Coal (CAPP) price, because it is of a similar quality as the 
Colombian coal burned by AES-PR and historical price information is available for 
modeling and forecasting purposes.  

2.2.1.3 Other Relevant Information 

In addition to the data and formulas described above, PREPA also provided information 
of historical and current adders applied to calculate final prices of the fuel delivered to 
the different locations where they are used for power generation. In specific, the adders 
are applied to calculate prices delivered at the following locations and/or plants: 

¶ Fuel No. 6: 

o San Juan/Palo Seco, 

o Aguirre 

o Costa Sur 
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¶ Fuel No. 2: 

o Aguirre/San Juan combined cycle, 

o Mayagüez/Arecibo, 

Information provided by PREPA regarding the fuel adders is summarized in Appendix E. 

In addition, PREPA informed that the price of coal delivered to AES-PR has been settled 
by contract for years 2015, 2016 and 2017 as follows: 

¶ Year 2015:  4.09 $/MBtu, 

¶ Year 2016 and 2017: 4.25 $/MBtu. 

Finally, the factors (heat content) to convert barrels of fuel and metric tons of coal into 
energy were included as part of the information provided by PREPA, as follows: 

¶ WTI: 5.83 MBtu/barrel, 

¶ Fuel No. 6: 6.3 MBtu/barrel, 

¶ Fuel No. 2: 5.8 MBtu/barrel, 

¶ Central Appalachian Coal: 24.93 MBtu/Metric Ton. This value was used to convert 
prices per metric ton to prices per MBtu of Central Appalachian Coal, while a 
different heat content is used in PROMOD to convert results to tons of Colombian 
coal. 

2.2.2 Review of Data Obtained from other sources 

As described in the next subsections, the price of the different fuels considered in the 
preparation of the IRP will be linked or indexed to three different reference variables, 
which are the following: 

¶ The West Texas Intermediate (WTI) oil price, 

¶ The natural gas price at Henry Hub, 

¶ The Central Appalachian Coal (CAPP) price, specifically NYMEX Coal Futures 
Settlement Prices. 

An important additional data was the monthly value of crude oil inventory in the United 
States. As described in next subsections, the inventory was used in the development of 
the price forecast of the WTI. 

The historical data of these variables was obtained from the Energy Information 
Administration (EIA) website, and it is summarized in Appendix F. In addition, the Annual 
Energy Outlook 2015 (AEO2015) was used as a reference for validation of assumptions, 
analysis, and results.  
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2.2.3 Assumptions 

The forecast is developed for the period 2015-2035, in fiscal years that start in July 1st 
and end in June 30th. 

¶ Econometric, autoregressive and VAR modeling techniques were considered; 
because the historical prices data is generally available in nominal (current) US$, the 
models were developed for nominal US$ and results were deflated by an assumed 
inflation value,  

¶ The followed approach consisted of finding a econometric model indexing the price 
of fuels No. 6 and No. 2 to a crude oil marker, in this case the West Texas 
Intermediate (WTI); the advantage of this approach is that WTI is a intensively 
studied and forecasted variable, 

¶ One general scenario of prices was considered, which is intended to represent a 
most likely future for fuel prices, while for natural gas in Puerto Rico two scenarios 
were analyzed, a first one where prices are indexed to fuel No. 6, and a second one 
where prices are indexed to natural gas prices at Henry Hub.  

¶ For the period 2015-2035 the annual inflation rate was assumed to be 2%; because 
the forecast fuel price is presented as monthly values, a corresponding, constant 
value of (1+2%)(1/12)-1= 0.1652% is assumed as monthly inflation rate,  

¶ The models of fuels No. 2, No. 6 and Natural Gas prices, including the energy price 
of EcoEléctrica, are referred to values calculated with the formulas used and 
provided by PREPA, which means they reflect the prices of the fuel delivered and 
used by PREPA, 

¶ The price of coal delivered to AES-PR for years 2015, 2016 and 2017 has been 
settled by contract as mentioned before; starting in January 2018, an average annual 
value is assumed for each 12-month period, based on the average value of the 
previous year multiplied by the average of the price marker (CAPP) during the 
previous year,    

¶ Because of the current financial restrictions of PREPA, it has been assumed that 
ñhighò adders would remain until December of 2016, then year 2017 forward more 
ñreasonableò costs would apply, with the following particularities: 

o Adders for No. 6 had been traditionally low, so it is assumed that current 
values remain until 2016, 

o Adders for No. 2 donôt seem affected very much by PREPAôs restrictions. 

¶ The stocks of crude oil were assumed to remain relatively high over the period 2015-
2035, with a slight downward trend; a year-over-year decrease was estimated after 
comparing with the price forecast for WTI presented in the AEO2015, which can be 
summarized as follows: 

o Year 2015: the stocks of crude oil remain constant, 
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o Years 2016 and 2017: decrease of 0.50% YOY on the stocks, 

o Period 2018-2023: 0.75% YOY decrease, 

o Years 2024 and 2025: decrease of 0.50% YOY on the stocks, 

o Period 2026-2035: 0.65% YOY decrease. 

2.2.4 Methodology 

As described in next subsections, the methodology followed consisted of the following 
steps: 

¶ Developing an econometric model of price for the West Texas Intermediate (WTI), 
which may include lagged variables, and obtaining a forecast of average monthly 
prices until December 2035; different variables were considered in the preparation of 
this model but, as shown later, in its final resulting version includes only previous 
price values, i.e. lagged variables, and crude oil inventory levels, 

¶ Linking the price of the different fuels used for power generation to the WTI; the link 
consisted of regression models, usually with lagged variables, that depict relationship 
of prices between the WTI and the fuel used for power generation, 

¶ Use the forecast of WTI and the models linking WTI and other fuels to develop a 
forecast of average monthly prices of the fuels used for power generation. 

To obtain the mathematical models, three different statistical/econometric methods were 
considered: i) single-equation econometric models, ii) autoregressive models, and iii) 
vector auto regressive (VAR) models. In general, these methods are based on ordinary 
least square (OLS) regression. The criteria to select the model for forecast generally is 
the goodness-of-fit of the models, but other criteria were considered, like theoretical 
consistency and parsimony. 

Every considered methodology is briefly described below. 

2.2.4.1 Econometric Single Equation Models 

The methodology is referred to the Classical Linear Regression Model (CLRM) in which 
the dependent variable, fuel price, is expressed as a linear combination of the 
independent variables, in this case U.S. GDP and crude oil stocks. The model is 
obtained using ordinary least-squares regression techniques. 

Among the weaknesses of this approach is that it does not include lags of the dependent 
variable and the independent variables need to be forecasted independently. 

2.2.4.2 Autoregressive Models 

The autoregressive modeling methodology consisted single-equation models where 
lagged values of the dependent variable are also used as independent variables. It may 
also include other variables lags as independent variables. 
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2.2.4.3 VAR models 

The Vector Auto Regressive (VAR) method consists of building simultaneous least-
square regression models for endogenous variables (those defined inside the defined 
econometric equation system) as combination of other endogenous and also exogenous 
variables. The fuel price would be the dependent variable of the main VAR model 
equation. As independent variables, the analysis started with lag values of fuel price and 
current and lagged values of fuel prices, U.S. GDP, and crude oil stocks. 

2.3 Results 

Results are presented as follows: 

¶ Best price forecasting model for West Texas Intermediate (WTI), 

¶ Best price forecasting models for No. 2 and No. 6 fuels, Natural Gas, and Coal, 
indexed to WTI, 

¶ Forecast values for the different fuel types considered, 

¶ Assumed values for shipping adders, consistent with historical values, current 
PREPA financial restrictions, and assumptions presented before, 

¶ Estimated delivery prices for the different fuel types considered.   

2.3.1 Obtained Models for Fuel Price Forecast 

For the WTI, the resulting best option for forecasting is a model with lagged variables, 
which also includes the current level of current oil inventory, and corresponds to the 
equation below: 

ὒὔͅὃὠὉὙὃὋὉὖͅὙὍὅὉᾡὝὍ  ρȢσωςφφπϽὒὔͅὃὠὉὙὃὋὉὖͅὙὍὅὉᾡὝὍ  
 πȢυπχφχπϽὒὔͅὃὠὉὙὃὋὉὖͅὙὍὅὉᾡὝὍ  ψȢυσχσωρὩ ϽὍὔὠὉὔὝὕὙὣ
 ρȢτςψχςπ  [11] 

Where: 

ὒὔͅὃὠὉὙὃὋὉὖͅὙὍὅὉᾡὝὍ : Natural logarithm of WTI average price for 
month t, in dollars per barrel  

ὒὔͅὃὠὉὙὃὋὉὖͅὙὍὅὉᾡὝὍ  : Natural logarithm of WTI average price for 
month t-1, in dollars per barrel 

ὒὔͅὃὠὉὙὃὋὉὖͅὙὍὅὉᾡὝὍ  : Natural logarithm of WTI average price for 
month t-2, in dollars per barrel 

ὍὔὠὉὔὝὕὙὣ : Estimated inventory of crude oil in the 
United States for month t, in barrels  

 

In addition, the model obtained for No. 6 fuel price forecast is an econometric model 
without lagged variables, as shown below: 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὔέφ  ρȢππψρρωϽὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ  πȢπσπχρω  [12] 
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Where: 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὔέφ : Natural logarithm of average price of No. 6 
fuel for month t, in dollars per MBtu 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ : Natural logarithm of average price of WTI 
for month t, in dollars per MBtu 

 

The model obtained for No. 2 fuel price forecast is similar to the one obtained for No. 6, 
i.e. without lagged variables, as shown below: 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὔές  πȢχσψφψςϽὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ  ρȢπτψψυρ  [13] 

Where: 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὔές : Natural logarithm of average price of No. 2 
fuel for month t, in dollars per MBtu 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ : Natural logarithm of average price of WTI 
for month t, in dollars per MBtu 

 

The model obtained for Natural Gas price indexed to fuel No. 6 is a model heavily based 
on lagged variables, as shown below: 

ὒὔͅὍὔὈὉὢὓͅὄὝὟͅὔὋ  πȢωωςυςςϽὒὔͅὍὔὈὉὢὓͅὄὝὟͅὔὋ   πȢςσωρσυϽ
ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ πȢςςψυτσϽὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ πȢππψυχρ  [14] 

Where: 

ὒὔͅὍὔὈὉὢὓͅὄὝὟͅὔὋ : Natural logarithm of natural gas average 
price for month t indexed to fuel No. 6, in 
dollars per MBtu  

ὒὔͅὍὔὈὉὢὓͅὄὝὟͅὔὋ  : Natural logarithm of natural gas average 
price for month t-1 indexed to fuel No. 6, in 
dollars per MBtu 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ : Natural logarithm of WTI average price for 
month t, in dollars per MBtu 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ  : Natural logarithm of WTI average price for 

month t-3, in dollars per MBtu  
 

The model obtained for Natural Gas price at Henry Hub also contains lagged variables, 
as shown below: 

ὒὔͅὌὌͅὓὄὝὟͅὔὋ  πȢωωςωτχϽὒὔͅὌὌͅὓὄὝὟͅὔὋ   πȢπυςυςςϽ
ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ πȢπτωωςτϽὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ πȢππυχστ  [15] 

Where: 
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ὒὔͅὌὌͅὓὄὝὟͅὔὋ : Natural logarithm of natural gas average 
price for month t at Henry Hub, in dollars 
per MBtu  

ὒὔͅὌὌͅὓὄὝὟͅὔὋ  : Natural logarithm of natural gas average 
price for month t-1 at Henry Hub, in dollars 
per MBtu 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ : Natural logarithm of WTI average price for 
month t, in dollars per MBtu 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ  : Natural logarithm of WTI average price for 
month t-6, in dollars per MBtu  

 

Finally, the model obtained for Central Appalachian Coal is similar to those for natural 
gas, with a combination of current and lagged variables, as shown below: 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὅὕὃὒ πȢωωτςπρϽὒὔͅὖὙὍὅὉὓͅὄὝὟͅὅὕὃὒ   πȢρψρπττϽ
ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ πȢρχσχπψϽὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ πȢπρτφτπ  [16] 

Where: 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὅὕὃὒ : Natural logarithm of CAPP average price for 
month t, in dollars per MBtu  

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὅὕὃὒ : Natural logarithm of CAPP average price for 
month t-1, in dollars per MBtu 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ : Natural logarithm of WTI average price for 
month t, in dollars per MBtu 

ὒὔͅὖὙὍὅὉὓͅὄὝὟͅὡὝὍ  : Natural logarithm of WTI average price for 

month t-1, in dollars per MBtu  
 

2.3.2 Results for Fuel Price Forecast 

The Figure 2-1 below summarizes the results of the price forecasting exercise for the 
considered fuels over the period 2015-2035. 

Based on the information provided in the Figure 2-1, the following aspects can be 
highlighted: 

¶ Prices for WTI, No. 6 and No. 2 show a similar upward trend and cyclical pattern; the 
same applies for the price of natural gas indexed to No. 6, 

¶ The cyclical pattern is explained by the relationship between the price and the 
fluctuations on crude oil inventory due to seasonal effect, which summarizes the 
offer/demand equilibrium, 

¶ The price trend for coal and natural gas at Henry Hub is very stable and the cyclical 
pattern is present but very slight. 

The full set of values of fuel price forecast is presented in Appendix G.  
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Figure 2-1: Price Forecast for Considered Fuels, in Constant 2015US$ 

 

2.3.3 Adders 

Based on the historical data and information provided by PREPA, the adders applied to 
calculate fuel delivered to the different locations for power generation were estimated, 
according to a set of reasonable assumptions listed below: 

¶ Adders have been also assumed in constant US$ dollars of year 2015, 

¶ There are contractual settlements for some adders until a later date in year 2015; the 
value of these adders has been assumed consistent with these agreements and their 
value is assumed to be the same at least until December 2015 in case their 
expiration happens before that date, 

¶ Because of the current financial restrictions of PREPA, it has been assumed that 
relatively ñhighò adders would remain until December of 2016, then more 
ñreasonableò costs, and consistent with historical data, would apply starting in 
January 2017, with the following particularities: 

o Adders for fuel No. 6 have been traditionally low, so it is assumed that current 
values remain until December 2016, and then they will decrease significantly 
by January 2017, 
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o Adders for fuel No. 2 donôt seem to have been affected very much by 
PREPAôs financial restrictions, so they will slightly decrease by January 2017. 

¶ Regarding the adder for natural gas delivery, indexed to Henry Hub prices, it has 
been divided in two components: i) adder, and ii) capacity charge, while the following 
aspects were considered: 

o References show adder values ranging from 1 to 4.9 US$/MBtu, for instance 
to deliver liquefied natural gas to Japan in approximately 2.5 US$/MBtu from 
the gulf coast; other sources indicate shipping costs of 3.4 US$/MBtu to 
deliver LNG to Korea under similar conditions, 

o In addition, information managed by PREPA indicates natural gas adders of 
$5.5/MBtu; the interpretation of the Consulting Team is that this natural gas 
adder may be lower in a scenario without financial restrictions for PREPA, 

o This said, it was considered that 3.5 US$/MBtu can be appropriate shipping 
adder to natural gas, 

o Regarding the capacity charge, the first element to consider is that 
regasification costs are considered separately; in addition, liquefaction costs 
are highly dependable on plant sizing, but there are several references of 
liquefaction costs in the 1.0 US$/MBtu range, 

o Thus, it was assumed a capacity charge for natural gas delivery of 
1.0 US$/MBtu. 

¶ For the case of natural gas indexed to No. 6, the corresponding adders are 
contractually defined, as described in the subsection 2.2.1.2, and were assumed as 
constant in 2015US$ until December 2035. 

Considering all the elements above, the different adders defined are summarized in the 
Table 2-1 below. 

Table 2-1: Shipping Adders (Constant 2015US$/MBtu) 
Considered for Fuel Price Forecasting 

Fuel Type Location 
Until 

December 2016 
January 2017 

Forward 

No. 6 

San Juan / Palo Seco 1.3095 0.9500 

Aguirre 1.4683 1.2500 

Costa Sur 1.4683 1.2500 

No. 2 
Aguirre / San Juan CC 1.3300 1.2500 

Mayagüez / Arecibo 1.3300 1.2500 

Natural Gas 
indexed to No. 6 

- 
1.5000 

(until September 2015) 
1.1250 

(until September 2015) 

Natural Gas 
indexed to Henry Hub 

- 
3.500 (Shipping) 
1.000 (C. charge) 

3.500 (Shipping) 
1.000 (C. charge) 

 

Appendix G also presents the full set of adders, historical and assumed for forecasting 
purposes.  
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2.3.4 Results of Delivered Fuel Prices Forecasting 

The Figure 2-2 below summarizes the results of the price forecasting exercise plus 
shipping adders to estimate future delivered fuel prices at each location for power 
generation over the period 2015-2035. 

Figure 2-2: Price Forecast for Considered Fuels, in Constant 2015US$ 

 

In the Figure 2-2, most of the prices series have been named following their identification 
in PROMOD cases. The following aspects can be highlighted: 

¶ Independently of their location, the price series for Bunker and Light D show the 
upward trend and cyclical pattern of fuel No. 2 and No. 6, 

¶ For natural gas, the series have been identified according to the Future where they 
were considered; under Future 2, corresponding to the ñno AOGPò it is reasonable to 
have higher prices for natural gas, while for Futures 1, 3 and 4, the natural gas price 
is indexed to Henry Hub starting in July 2017, 

¶ The price trend for coal, adjusted according to the fluctuations of CAPP, is very 
stable (slightly upward) and the cyclical pattern is subtly present. 

The full set of values of these delivered fuel prices is presented in Appendix G.  
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2.4 Conclusions and Recommendations 

The data, assumptions, and results of price forecasting for the different types of fuel 
used on power generation over the period 2015-2035 have been presented on this 
section. The purpose was to estimate delivered fuel prices at each generating plant 
location where the fuel is used, which comprised forecasting the fuel price and 
estimating shipping adders to each location.  

In general, the estimated fuel price series show an upward trend and a cyclical pattern, 
which is notably marked in some cases. In particular, the trend for fuel prices No. 6 and 
No. 2, as well as for natural gas indexed to No. 6, represents an average YOY growth 
rate of 2%-3%. On the other hand, the price of natural gas indexed to Henry Hub show a 
milder YOY growth rate of approximately 0.2%, while for the coal the YOY growth rate is 
approximately 0.75%. 
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Section 

3 
Demand Side Management 

3.1 Introduction 

The objective of Demand-Side Management (DSM) is to alter or modify the consumer 
load-shape and the balancing of utility and consumer needs, usually by reducing 
consumption during peak hours, high cost hours or during utility emergencies. The 
reduced consumption may or may not be moved to off-peak hours.  

Modification of customer behavior may be achieved through various strategies such as 
financial incentives, price options, event-based options, appliance standards, and 
education, among others. Also compulsory strategies can be implemented by 
authorities. 

Two types of initiatives or programs are presented below: those referred to merely 
energy efficiency and others that can be considered as demand response. Few of these 
programs have already been implemented by PREPA or authorities in Puerto Rico. 

It is important to note that energy efficiency refers to using less energy to provide the 
same or improved level of service to the energy consumers in an economically efficient 
way; it includes using less energy at any time, including during peak periods. In contrast, 
demand response entails customers changing their normal consumption patterns in 
response to changes in the price of energy over time or to incentive payments designed 
to induce lower electricity use when prices are high or system reliability is in jeopardy. 

The purpose of this section is to introduce the energy efficiency program for government 
agencies and public corporations being implemented in Puerto Rico as per the ñAct for 
the Transformation and Energy Relief of Puerto Ricoò or Act 57; to provide an overview 
of two energy efficiency initiatives that could be potentially implemented in Puerto Rico 
with private customers; and to present a brief description of the experience of three 
electric utilities or system operators in the United States with large-scale structured 
initiatives and programs for Demand Response (DR). Finally, this section concludes with 
a list of recommendations for next steps to be taken to design and execute programs for 
energy efficiency and demand response.  

3.2 Energy Efficiency Initiatives / Programs 

Energy efficiency (EE) refers to using less energy to provide the same or improved level 
of service to the energy consumer in an economically efficient way; it includes using less 
energy at any time, including during peak periods. Energy efficiency involves technology 
measures that produce the same or better levels of energy services (e.g., lighting, space 
conditioning, motor drive power, etc.) using less energy. Additionally, the technologies 
that comprise efficiency measures are generally long-lasting and save energy across all 
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times when the end-use equipment is in operation. But also depending on the time of 
equipment use, energy efficiency measures can also produce significant reductions in 
peak demand. 

In this sense, the Commonwealth Energy Public Policy Office (CEPPO) is overseeing 
the implementation of a Public Entities Consumption Reduction Plan, which is described 
below, for the period 2015-2022. On the other hand, the Consulting Team has outlined 
two (2) energy efficiency plans for private costumers, which are described later on this 
section of the report. 

3.2.1 EE Consumption Reduction Plan in Public Entities 

On May 27, 2014, Governor Alejandro García-Padilla signed into law Act 57 (ñthe Actò), 
known as the ñAct for the Transformation and Energy Relief of Puerto Rico.ò 

The Act effects the most dramatic changes in the energy sector in Puerto Rico since the 
creation of the Puerto Rico Electric Power Authority (ñPREPAò) in 1941, and one of the 
provisions of the Act is the endorsement to government agencies and public 
corporations of a mandatory consumption reduction plan in their facilities by 
implementing EE programs. 

Table 3-1 below shows the mandate in annual percent reduction of energy consumption 
of public entities according to Act 57, which spans over the period 2015-2022. The 
percentages are defined in relation to the energy consumption during the fiscal year 
2013, except for municipalities which reduction is defined by the average of the three 
years of highest consumption from 2004 to 2014.  

Table 3-1: Mandate to Public Entities on Percentage of Consumption Reduction 
According to Act 57 

Entities 2015 2016 2017 2018 2019 2020 2021 2022 Total 

Agencies, Public Corporations 5% 5% 5% 5% 5% 5% 5% 5% 40% 

Legislative 2% 3% 5% 7% 8% 10% 12% 0% 47% 

Municipalities 5% 5% 5% 0% 0% 0% 0% 0% 15% 

 

Considering the percentages shown in Table 3-1, the Table 3-2 shows the 
corresponding energy consumption reductions, in GWh, over the period 2015-2022. As 
can be observed, more than 90% of the energy savings as a result of the plan 
implementation correspond to agencies and public corporations.   

Table 3-2: Estimated Reduction in the Energy Consumption Reduction (GWh) of Public 
Entities According to Act 57 

Entities 2015 2016 2017 2018 2019 2020 2021 2022 Total 

Agencies, Public  Corporations 109.49 109.49 109.49 109.49 109.49 109.49 109.49 109.49 875.95 

Legislative 0.29 0.43 0.71 1.00 1.14 1.43 1.72 - 6.70 

Municipalities 24.46 24.46 24.46 - - - - - 73.38 

Totals 134.24 134.38 134.66 110.49 110.63 110.92 111.21 109.49 956.03 
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Finally, as can be observed in Table 3-3 the estimated energy savings after the full 
implementation of the reduction plan is expected to represent more than 5% of the 
energy consumption (again, compared to the figures of fiscal year 2013). 

Table 3-3: Estimated Percentage of Energy Savings in PREPA System as Result of Energy 
Efficiency Plan Implementation According to Act 57 

Entities 2015 2016 2017 2018 2019 2020 2021 2022 Total 

Agencies, Public Corporations 0.60% 0.60% 0.60% 0.60% 0.60% 0.60% 0.60% 0.60% 4.81% 

Legislative 0.00% 0.00% 0.00% 0.01% 0.01% 0.01% 0.01% 0.00% 0.04% 

Municipalities 0.13% 0.13% 0.13% 0.00% 0.00% 0.00% 0.00% 0.00% 0.40% 

All combined 0.74% 0.74% 0.74% 0.61% 0.61% 0.61% 0.61% 0.60% 5.25% 

 

Although there are concerns that this program will be implemented in its entirety (some 
consumption may actually correspond to loads with private use, for example), in the IRP 
was assumed that 80% of the energy reduction goal is achieved. One aspect that can 
affect the full implementation of this program is the current financial situation of the 
Commonwealth of Puerto Rico, as investments are required for achieving different EE 
measures. 

3.2.2 Other Energy Efficiency Initiatives Applicable to Private Customers 

In addition to initiatives for energy efficiency for public entities such as the presented 
above, there are many others that could potentially be implemented with private 
customers. The Consulting Team has selected two of them that could be successful in 
terms of energy consumption reduction and relatively easy to implement, which are 
based in the use of the following technologies:  

¶ Efficient light bulbs, 

¶ Efficient appliances. 

The most important aspects of a potential plan for the use of these two technologies are 
outlined below. 

3.2.2.1 Efficient Light Bulbs Plan in Private Customers 

The use of efficient or ñenergy savingò light bulbs is a well-known strategy to reduce 
energy consumption at a relatively large scale. It is easy to implement and results are 
satisfactory. 

Replacing Compact Fluorescent Lamp (CFL) and Incandescent bulbs by Light Emitting 
Diodes (LED) could reduce energy consumption in Puerto Rico. A rough estimate of 
potential savings due to the implementation of a plan for replacement of light bulbs is 
presented below, based on the following assumptions: 

¶ Light bulbsô hours of use per day: 6 hours, 

¶ Average number of bulbs per customer: 10, 
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¶ Number of customers (average number of residential and commercial customers 
during fiscal year 2014): 1,457,989, 

¶ Diversity factor: 50%, 

¶ Percent of current customers using Incandescent bulbs: 15%, 

¶ Percent of current customers using CFL: 85%, 

¶ Percent of current customers using LED: 0%, 

¶ Most used Incandescent Bulb power (W): 75 W, 

¶ Most used CFL Power (W): 20 W (equivalent Incandescent 75 W), 

¶ Most used LED Power (W): 13 W (equivalent Incandescent 75 W), 

¶ Total energy sales during fiscal year 2014 (used as reference value to calculate the 
percentage of energy savings): 17,561 GWh. 

The horizon year for the evaluation of this hypothetical plan was set at year 2022, 
consistently with energy efficiency plan for public entities, but it can be referred to any 
moment in time when the following assumptions: 

¶ Percent of future customers using incandescent bulbs: 0%, 

¶ Percent of future customers using CFL: 15%, 

¶ Percent of future customers using LED: 85%3. 

As an example, when a light bulb is upgraded from CFL to LED a 35% load reduction is 
achieved. In addition, the replacement of an Incandescent light bulb with a LED 
represents an 81% reduction on load/energy consumption.   

 

 

 

                                                      
 
 
3
  Some concern was collected from PREPA regarding the assumption of 85% by 2022 because 

the relatively high prices of LED technology. The points the savings estimated within this 
example represent the situation when the 85% of LED technology penetration has been 
reached, in year 2022 or later.  
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Table 3-4 below summarizes the numbers for this potential energy saving plan for the 
period 2015-2022 based on the assumptions presented above. 

 

 

 

 

Table 3-4: Energy Saving Estimates Based on an Efficient Light Bulbs Plan Implementation 

Annual Energy 2014 2022 

Estimated energy consumption with Incandescent Bulbs (GWh) 179.6 0.0 

Estimated energy consumption with Compact Fluorescents Lamps (CFL) (GWh) 271.4 47.9 

Estimated energy consumption with Light Emitting Diodes (LED) (GWh) 0.0 176.4 

Estimated energy consumption for lighting (GWh) 451.0 224.3 

Estimated energy consumption for lighting as (%) of reference value 2.57% 1.28% 

 

As can be observed in Table 3-4, under the considered assumptions the energy 
consumption for lighting purposes decreases from 2.57% to 1.28% of the total energy 
sales, which represents non-negligible savings of 1.29%. 

Under a much more conservative scenario where an important portion of the customers 
are already using LED and the split of Incandescent/CFL/LED use is assumed to be 
15%/40%/45%, shows that the energy savings would be still approximately 1.0%. 

The numbers presented above are just a rough estimate of potential savings, and may 
be interpreted as approximate bounds, as any real savings will depend on the response 
of private customers to this strategy.  

3.2.2.2 Efficient Appliances Equipment Plan in Private Customers 

New standards in motors and air conditioning equipment that incorporate energy 
efficiency design and embedded demand responsive controls play an important role for 
energy saving or reduction of consumption when compared to conventional 
technologies. 

There are several categories of appliances with energy efficient design whose use could 
be encouraged in Puerto Rico such as: dishwashers, air conditioning units, refrigerators, 
boilers, etc. Table 3-5 below shows a list of these appliances and their respective 
estimated energy saving percentages as a result of energy efficient design, when 
compared to similar appliances with conventional technologies. 
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Table 3-5: Potential Consumption Reduction Plan with Efficient Appliances 
(source: U.S. Environmental Protection Agency, 2011) 

Equipments Estimated Energy Saving 

Refrigerators 20% 

Televisions 15% 

Dryers 10-20% 

Air conditioners 10% 

Ceiling Fans 10% 

Boilers (Water heaters) 5% 

Dishwashers 30% 

 

3.2.2.3 Types of Energy Efficiency Strategies 

In general, there are different strategies that could be used to encourage and provide 
extra incentives for the use of energy-efficient appliances and introduce changes in 
consumption patterns leading to energy savings. Among these strategies can be 
mentioned the following: 

¶ Applying rebates and offering incentives to customers who install energy-efficient 
lighting, motors, heating, ventilating, air conditioning (HVAC) equipment, and others, 
and also implement building shell measures to new or existing facilities, 

¶ Financing customers implementing energy efficient technologies to offset upfront 
costs4, 

¶ Educating end-users and building/construction trades and other trade allies on the 
benefits of energy efficiency measures. 

3.3 Demand Response Initiatives / Programs 

Demand response (DR) provides an opportunity for costumers to play a significant role 
in the operation of the electric grid by reducing or shifting their electricity usage during 
peak periods in response to time-based rates or other forms of financial incentives. 
Demand response programs are being used by electric system planners and operators 
as resource options for balancing supply and demand. 

Demand response are mostly event-driven, but not only demand response events occur 
for limited periods that are called by the grid operator; also critical peak pricing (CPP) 
and real-time pricing (RTP) have been growing in prevalence and impact. Demand 
response programs are designed primarily to curtail or shift load for short periods of 
time; however, those programs that educate customers about energy use with time of 
                                                      
 
 
4
  Financing customers is not necessarily a responsibility assigned to PREPA, but to any 

government entity responsible for encouraging energy efficiency programs. Thus, the 
recommendation is valid, even though PREPA cannot afford financing customers beyond 
current conditions.  
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use (TOU) rates, dynamic rates, and energy use feedback, can also produce 
measurable reductions in customersô total energy use and cost (EPRI, 2009b). 

In particular, when utilities observe or anticipate high wholesale market prices or power 
system emergency conditions, they may call critical events during a specified time period 
(e.g., 3 p.m.ð6 p.m. on a hot summer weekday), the price for electricity during these 
time periods is substantially raised, i.e. CPP is applied. Two variants of this type of rate 
design exist: one where the time and duration of the price increase are predetermined 
when events are called and another where the time and duration of the price increase 
may vary based on the electric gridôs need to have loads reduced. As an example, 
PG&Eôs Demand Response Programs for Business Customers has a CPP program that 
provides lower rates during on-peak and partial-peak hours in exchange for higher (three 
to five times normal) rates on up to 12 days between May and October when system 
demand is high. 

RTP tariffs can be defined as electricity rates that vary over short and specific time 
intervals, typically hourly, and are quoted one day or less in advance to reflect very 
short-term marginal supply costs, i.e., market conditions. The information of these rates 
provided in advance allow the customers to vary their demand and usage in response to 
such rates and manage their energy costs by shifting usage to a lower cost period, or 
reducing consumption overall. 

As mentioned previously, demand response programs are designed to change 
customersô electric usage and they are classified in two types: price-based and event-
based demand responses. 

3.3.1 Price-based demand response  

This type of demand response approach is implemented through approved utility tariffs 
or through contractual arrangements in deregulated markets, and consists of varying the 
price of electricity over time to motivate customers to change their consumption pattern. 

Methods of engaging customers in demand response efforts include offering time-based 
rates such as time-of-use (TOU) pricing, critical peak pricing, variable peak pricing, real 
time pricing, and critical peak rebates. 

PREPA has two DSM programs linked to rate schedules: a TOU pricing, and an 
interruptible rate plan (SBS Tariff). The TOU pricing basically consists of two periods, 
on-peak and off-peak time periods, and are available only for commercial and industrial 
customers. It is important to note that PREPA TOU rates were designed in 1989 based 
on a specific load pattern that has changed over the time. On-peak and off-peak time 
periods are not the same as in 1989; therefore, TOU rates should be reconsidered or 
updated.  

In 2013, PREPA reported 23 customers (22 industrial and 1 commercial) participating in 
the TOU program. In addition to the outdated load pattern mentioned above, which leads 
to its ineffective application, the most typical reason for customers not joining this kind of 
programs is that the net economic benefits are insufficient. In addition, there are not 
customers in the interruptible rate.  
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3.3.2 Incentive- or Event-based demand response 

This type of demand response programs reward customers for reducing their electric 
loads upon request or for giving the program administrator some level of control over the 
customerôs electricity-using equipment. 

It includes direct load control program which provide the ability for power companies to 
cycle air conditioners and water heaters on and off during periods of peak demand in 
exchange for a financial incentive and lower electricity bills. Customers receive incentive 
payments for allowing the utility a degree of control over certain equipment. 

Other incentive- or event-based demand response programs are listed below: 

¶ Emergency demand response program: customers receive incentive payments for 
load reductions when needed to ensure reliability to the system, 

¶ Capacity market programs: customers receive incentive payments for providing load 
reductions as substitutes for system capacity, 

¶ Interruptible/curtailable: customers receive a discounted rate for agreeing to reduce 
load on request. 

As an example in the United States, PG&Eôs demand response initiative for business 
customers has the following incentive- or event-based demand response programs: 

¶ Base interruptible programs provide monthly or per-event incentives for curtailing 
load with either 30-minute or 4-hour advance notification; curtailments limited to 120 
hours per year, 

¶ Capacity Bidding programs offer monthly payments from May through October for 
curtailing nominated load on either a day-ahead or day-of basis, up to 24 times per 
month, when load conditions require the use of generators with heat rates of 15,000 
Btu/kWh or greater, 

¶ Demand Bidding programs provide payments of $0.50ï0.60 per kWh to customers 
who submit day-ahead or day-of offers to curtail load, 

¶ Optional Binding Mandatory Curtailment programs allow customers to be exempt 
from rotating outages in return for agreeing to reduce load by 5 to 15 percent within 
15 minutes of notification. 

¶ Peak Choice allows customers to customize their demand response by selecting 
from a range of advance notice, timing, load reduction, and number of day options, 
where incentives are determined by option combinations, 

¶ Scheduled Load Reduction program pays $0.10 per kWh for commitments to reduce 
load one to three times per week, 4 hours at a time, from June through September, 

¶ Smart AC (Air Conditioner Load Control) offers $25 to customers who allow 
installation of either an air conditioner compressor switch or a smart thermostat that 
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can be used to control load up to 100 hours per year when CAISO declares 
emergency or near-emergency conditions. 

Load control of residential and small business HVAC, water heaters, and other 
appliances are good examples of direct load control program. As an application 
example, Sacramento Municipal Utility District (SMUD) implemented the Small Business 
Summer Solutions Research Pilot in summer 2008, targeted to small commercial 
customers with peak demands less than 20 kW. The demand response component 
provided customers with critical peak rates, options to install smart thermostats, and a 
variety of pre-cooling and conventional control strategies. Pre-project focus groups 
indicated that customers understood basic demand response concepts; however, the 
customersô highest priority was for assistance in reducing energy use. SMUD capitalized 
on this need in its marketing by offering to help customers reduce their energy use if the 
customer would in turn help SMUD by volunteering for the demand response pilot. As a 
first step, SMUD technicians performed energy audits and provided advice to each 
customer regarding a range of lighting, efficiency, and conservation options. The 
integrated efficiency/demand response approach was very successful, and SMUD 
reported a 23 percent reduction in weather-adjusted energy use, along with a 20 percent 
reduction in average peak load on critical peak event days, with no load rebound 
measured on top of the reduced energy baseline. 

The numbers presented below show an example of how much energy could be saved in 
Puerto Rico during periods of peak demand by just turning off AC units for approximately 
15 minutes every hour from 9 a.m. to 5:30 p.m., which is the period of when the demand 
for air conditioning is expected to be relatively high. The assumptions are the following: 

¶ Number of customers (average number of residential and commercial customers 
during fiscal year 2014): 1,457,989, which correspond to 1,331,856 residential 
customers and 126,133 commercial customers, 

¶ Total energy sales during fiscal year 2014 (used as reference value to calculate the 
percentage of energy savings): 17,561 GWh, 

¶ Air conditioning average load: 1,500 watts each, 

¶ Average number of air conditioning units per customer: 0.55, which is estimated as 
follows: 

o From 9 a.m. to 5:30 p.m. approximately 1/3 of all residential customers is 
using, in average, an air conditioning unit of the size mentioned above 
(1 x 1,500 W), 

                                                      
 
 
5
  The selected size of air condition unit (1,500 W) is relatively small and intends to reflect an 

average size; some residential customers and especially commercial customers may have 
even bigger units. 



Demand Side Management 

 
 

Siemens Industry, Inc. ï Siemens Power Technologies International 
R054-15 ï Integrated Resource Plan Volume III 

Demand and Fuel Forecasts and Demand Side Management 

 
3-10 

   

o From 9 a.m. to 5:30 p.m. the commercial customers are using, in average, air 
conditioning units twice of the size mentioned above (2 x 1,500 W), 

o Based on this, there are 443,952 units from residential customers and 
252,266 units from commercial customers of the average size mentioned, 
which totalizes 696,218 units and an average of 0.48 (approximately 0.5) 
units per customer.     

¶ Diversity factor: 35%6, 

¶ Number of on/off per day from 9 a.m. to 5 p.m. for about, 15 min each, for energy 
reduction purposes: 8 (the AC unit is switched off 8 times a day during 15 minutes 
and then switched back on). 

To verify the reasonability of the assumptions listed above, the total consumption in air 
conditioning can be estimated as follows: 

ὅέὲίόάὴὸὭέὲ Ὥὲ ὃὅ ὋὡὬ
Π   Ͻ  Π    Ͻ    Ͻ  Ͻ  

ȟ ȟ  Ⱦ
ȟ ȟ ϽϽȢ  ϽȢ Ͻ   

ȟ ȟ  Ⱦ
σȟσυσ ὋὡὬ [1] 

With these assumptions, the total energy consumption in only air conditioning is 
3,353 GWh, which is approximately 19% of the total annual energy sales (respect to 
fiscal year 2014). The 19% value is comparable to the percentage measured by the 
Energy Information Agency (EIA) of energy consumption that corresponds only to air 
conditioning purposes in the state of Texas. 

The energy savings resulting from smarter use of the AC can be calculated as follows: 

ὛὥὺὭὲὫί Ὥὲ ὃὅ ὋὡὬ
Π   Ͻ  Π    Ͻ    Ͻ  ϽϽȢ  Ⱦ Ͻ  

ȟ ȟ  Ⱦ
ȟ ȟ ϽϽȢ  ϽȢ ϽϽ  

ȟ ȟ  Ⱦ
ςχωȢτ ὋὡὬ [2] 

Thus, the energy savings by just turning on/off AC units is estimated in 279.4 GWh, 
which represents 1.59% of the total energy sales. If the average number of air 
conditioning units is increased up to 0.75, then the total energy consumption in only air 
conditioning increases up to approximately 28%, which at a similar to the percentage of 
energy consumption that corresponds only to air conditioning purposes in the states of 
Florida and Arizona (EIA); in this case, the energy savings are estimated as 2.39%. 
                                                      
 
 
6
  A diversity factor used for residential customers in the calculation of peak demand from 

generation standpoint is 1/3.29 = 30.4% (see Beaty and Fink, ñStandard Handbook for 
Electrical Engineersò, McGraw-Hill, 2012). A round factor of 35% is typically used by the 
Consulting Team. It might be a conservative number since commercial loads should have a 
high demand for electricity from 9 a.m. to 5 p.m.    
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Again, the numbers presented above are just rough estimates of potential savings and 
may not represent actual savings for implementing such strategy in Puerto Rico. 

It is important to emphasize that these estimated savings correspond just to the initiative 
of turning on/off AC units, while in the example from SMUD experience the greater 
reduction resulted from the implementation of a more comprehensive series of actions 
for enhanced energy efficiency. 

Finally, it should be mentioned that smart grid technologies, including the use of 
Advanced Metering Infrastructure (AMI) and Meter Data Management systems (MDMS), 
facilitate the implementation of Demand Response initiatives, especially those that 
depend on load curtailment and load interruption or negative demand, since an accurate 
estimate of the curtailed energy can be easily obtained from real metering data. 

3.3.3 Example of Load Management Application: MISO Strategic Initiatives 
for Demand Response Program 

The Midcontinent Independent System Operator, Inc., formerly named Midwest 
Independent Transmission System Operator, Inc. (MISO) is an Independent System 
Operator (ISO) and the Regional Transmission Organization (RTO) that provides open-
access transmission service and monitors the high voltage transmission system 
throughout the Midwest United States, and Manitoba, Canada and more recently 
integrated a southern region which includes much of Arkansas, Mississippi, and 
Louisiana. MISO operates one of the worldôs largest real-time energy markets.  

MISO recognizes the value of demand response as a mechanism for improving market 
efficiency, as an opportunity to help reduce the carbon footprints of market participants, 
and as a vehicle for market participants to manage their load. Over the past five years, 
MISO has been working with stakeholders through the Demand Response Working 
Group to incorporate demand response resources into their Markets.  

The following are strategic initiatives presented by MISO, which are in the same line of 
the concepts presented before. 

a) Demand Response Resources (ñDRRsò):  

A DRR is a resource hosted by an Energy Consumer or Load Serving Entity capable of: 

¶ Supplying a specific quantity of Energy or Contingency Reserve, at the choice of the 
Market Participant, to the Energy and Operating Reserve Market through physical 
load interruption (DRR ï Type I), 

¶ Supplying a range of Energy and/or Operating Reserve, at the choice of the Market 
Participant, to the Energy and Operating Reserve Market through Behind-the-Meter 
Generation or Controllable Load (DRR ï Type II). 

Both types have a ñmust offerò requirement (must make its capacity available to the Day 
Ahead or Real Time market) if it registers to qualify as a Capacity Resource. 

DRR ï Type Iôs may represent end-use customer programs such as industrial 
interruptible load programs, controlled hot water heater programs, controlled air 
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conditioner programs and load reduction programs registered by Aggregators of Retail 
Customers (ARC). 

DRR ï Type IIôs may include industrial customers with ability to use less electricity in a 
controlled manner, or a small diesel generator operating under the control of the 
customer. 

Utilizing DRRs reduces the amount of load that would need to be served by higher cost 
resources. DRRs participate in the market every day, lowering the cost of energy for all 
consumers and can qualify as planning resources to be used to meet a market 
participant's Planning Reserve Margin (PRM) requirements. 

b) Load Modifying Resources (ñLMRsò):  

LMR is a category of demand resources created for resources that either cannot or do 
not wish to qualify as Capacity Resources, but do wish to be considered as Planning 
Resources (and thus capable of helping to satisfy Planning Reserve Margin 
Requirement). DRR can qualify as LMR. Demand Resources would include resources 
such as interruptible load or direct load control management. Behind-the-Meter 
Generation can also be classified as an LMR. 

LMRs serve an important function in the provision of capacity services by reducing load, 
thereby reducing the amount of other resources needed during emergencies. Using 
LMRs to "serve" these loads, rather than building capacity, results in significant savings. 

LMRs must make themselves available to the system during emergency conditions, but 
not otherwise. 

c) Emergency Demand Response (ñEDRò): 

Emergency Demand Response (EDR) can be defined as the commitment and dispatch 
of Load reductions, Behind-the-Meter-Generation Resources, and other Demand 
Resources during an emergency. 

While not technically a ñcategory , EDR was created to enable more Demand Resources 
to help the system during Emergency conditions, without necessarily qualifying for the 
more involved categories. 

EDR resources submit information describing their costs incurred to reduce load (or 
provide energy) during an Emergency event. As submitted, an EDR resource is then 
required to respond during an Emergency. EDR can change its offer and availability day-
by-day. 

The idea of emergency demand response was created in an effort to encourage greater 
participation by load in managing capacity during emergency conditions. These 
resources provide a valuable service by reducing the costs to all market participants 
during emergency conditions and are compensated for their services based on their 
offers and the Locational Marginal Price. 

An LMR can offer emergency energy as an EDR. 
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The concepts of DDR, LMR, and EDR are summarized in the Figure 3-1 below as well as 
the differences among them. 

Figure 3-1: Representation of DDR, LMR, and EDR Concepts and Their Differences 

 

DRRs are resources that provide capacity (energy) and some reserve type every day; 
LMRs is a category of resources which cannot or do not wish to qualify as a capacity 
resources but qualify as a planning resource (capable of helping to satisfy Planning 
Reserve Margin Requirement and provide planning reserve credit); EDR is a service that 
involves demand resources to help the system during emergency conditions. 

A DRR can qualify as a LMR, but a LMR may not qualify as a DDR; also, DDR and LMR 
must make themselves available to the system during emergency conditions, but EDR 
not necessarily are DRR or LMR. 

d) Price Responsive Demand (ñPRDò): 

Most retail rates do not reflect the hourly changes evident at the wholesale level, so 
customers are insulated (and often unaware) of the true cost of supplying their energy 
needs. PRD, when successfully implemented, will allow customers to respond to 
granular rate changes. Smart Grid efforts are complementary to PRD, as a more 
intelligent grid would be capable of passing the necessary information between supplier 
and consumer. 

Price responsive demand is the ability of consumers to control their energy expenditures 
by changing their electricity use in response to wholesale electricity prices. ñDynamic 
retail ratesò means that electric rates are linked to wholesale electricity prices and vary 
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by ñTime of Useò (TOU). These variable rates will enable consumers to benefit when 
they adjust their usage in response to wholesale prices. 

e) Aggregators of Retail Customers (ñARCsò): 

ARCs are Midwest ISO Market Participants that aggregate end-use retail customers to 
provide access to Midwest ISOôs wholesale electricity market. FERC Order 719 Issued ï 
October 17, 2008 requires RTOs to allow Aggregators of Retail Customers (ARCs) to 
offer demand response directly into the market, reduce barriers to participation for 
Demand Response resources, and treat demand response resources comparable to 
traditional resources.  

ARCs represent a business-oriented effort to obtain greater participation from customers 
capable of providing demand response. ARCs allow for the aggregation of resources 
over relatively large areas, reducing costs and increasing the economic incentive for 
potential Market Participants. FERC approval of MISOôs October 2009 filing on the 
incorporation of ARCs into the markets allows for ARC participation as sanctioned by 
each individual state. 

f) Energy Efficiency (ñEEò): 

Energy Efficiency is the permanent reduction in electricity while maintaining a 
comparable quality of service to the end-use customer. Energy Efficiency can also be 
used to meet Planning Reserve Requirements. 

3.3.3.1 Opportunities to apply these concepts in Puerto Rico   

These concepts may be applicable in the operation of the grid in Puerto Rico and their 
implementation should be evaluated. In particular, large customers, industrial for 
instance, may participate as Demand Resources, or even as DDR Type I and II, 
depending of its characteristics. Eventually, relatively load energy, or reserve capacity, 
can be purchased from these clients that are capable and willing to reduce/disconnect 
their demand at once or in steps when necessary for system operation. In addition, 
smart grid technologies (AMI and MDM) may support the ACR when, firstly, demand can 
be controlled and/or interrupted in blocks for short periods of time to minimize the impact 
to the customers, and information collected through smart meters and managed MDMS 
can be used to determine a fair compensation based on historical load information. 

Behind-the-Meter Generation is a concept relatively harder to implement in large scale, 
but net metering technology allows multiple distributed generation injecting small 
amounts of energy into the grid. However, residential DG, in particular solar panels, 
does not qualify as DRR. 

On the other hand, the role of renewable generation in Puerto Rico has to be considered 
separately and as complementing these definitions.     

3.4 Conclusions and Recommendations 

The ñAct for the Transformation and Energy Relief of Puerto Ricoò or Act 57 presents an 
overarching approach for increased efficiency of the electric power system in Puerto 
Rico. However, at the moment the only concrete action regarding energy efficiency at 
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distribution level and demand side management is the Public Entities Consumption 
Reduction Plan described above. 

In this section were presented some initiatives and/or technologies that could potentially 
be implemented with private customers: efficient light bulbs, efficient appliances, and 
smart AC. Based on the rough estimates presented above, only the use of efficient light 
bulbs and smart AC could save more than 3.5% of the current energy sales of PREPA. 
This is an indication that the potential for energy efficiency savings in Puerto Rico may 
be massive. 

Also in this section, the experience of three system operators or utilities in the United 
States programs was presented to illustrate how much flexibility can demand response 
technologies provide to grid operations: more efficient use of power generation 
resources, increased flexibility on reserve planning, abundant resources and better 
allocation of them to respond to emergencies. Showing the potential role of load 
management programs was the key objective at the presentation of these examples. 

Thus, based on the concepts presented in this section it is recommended the following: 

¶ Understand the differences between load management and energy efficiency as the 
categories of demand side management: load management programs seek to modify 
electric demand without necessarily modifying electricity consumption, while energy 
efficient programs seek to reduce overall electricity use. 

¶ Elaborate and implement an energy efficiency plan: there are different guides that 
could be used as a reference for the preparation of a plan (for example, the Guide to 
Resource Planning with Energy Efficiency, prepared by the U.S. Environmental 
Protection Agency), as well as different approaches and methodologies that could be 
used. Just as a reference, we recommend to consider the following steps: 

o Conducting characterization studies of loads and consumers, in order to 
identify opportunities and gaps for increased energy efficiency, which is 
essential due to the differences between Puerto Ricoôs consumers and those 
from other jurisdictions, 

o Forecasting energy loads, based on characterization study results, 

o Conducting studies of building energy efficiency standards (for example, on 
standards on building shells) and appliance energy efficiency standards, 
applicable to Puerto Rico. 

Á The Energy Star initiative provides a good starting point for analyzing 
the suitable standards whose applicability should be encouraged in 
Puerto Rico, but may need some additional customization to the local 
conditions, 

Á Even though the State Energy Code IECC 2009 was adopted in 2011, 
the U.S. Office of Energy Efficiency & Renewable Energy can provide 
help to evaluate the enforcement status and additional measures to 
increased efficiency. 
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Á Additional R&D programs may be required. 

o Modeling the energy savings potential, comprising the creation of a baseline 
profile of energy use, the forecasting of energy consumption, the estimation 
of demand for and impact of energy-saving measures in terms of energy and 
resources, the estimation of required incentives for measures 
implementation, preliminary definition of energy efficiency metrics, listing 
technological characteristics (available and unavailable), and breaking down 
total energy use by service region, building subsector, and end user. 

o Building the business case for energy efficiency, may lead to reconsider 
some of proposed measures due to low profitability, budget constraints, huge 
technological gaps, etc. and select the best ones for implementation: 

Á The U.S. Environmental Protection Agency also provides tools for 
estimating the benefits of energy efficiency.  

o Reviewing of the business case for energy efficiency, implementing required 
modifications, and preparing a detailed implementation plan of the energy 
efficiency program, 

o Implementing Energy Efficiency Program according to the plan, 

o Providing support to customers for adequate implementation of the program,  

o Applying energy efficiency metrics for controlling and follow-up. 

¶ On the other hand, it is also recommended conducting a study for the 
implementation of a load management program, which should take into consideration 
the objective and desirable operational characteristics of the grid, current and 
foreseen tariff schedules, and energy sector participants. 

o Based on the results of this study, and in combination with the IRP of 
PREPA, the elements for the definition and implementation of a load 
management program should be known. 
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Table A-1: Estimate of Technical and Non-Technical Loss (12-Months Period at June 2014) 

   
% Gross  Gen Load Factor 

Coincidence 
Factor 

Coincident  
Demand MW 

Non 
Coincident 

MW 

Total de generación bruta (mkWh) a 21,358.071   77% 100% 3,159  3,159 

 - Uso de auxiliares (mkWh) b 854.490   81% 100% 121 121 

 + Energía Windmar               b' 4.642       0   

Total de generación neta (mkWh) + Energía Windmar c = a - b+b' 20,508.223   77% 100% 3,038  3,038 

Pérdidas en Transmisión   615.065 2.9%     
 

  

Pérdidas en la Subestaciones   157.898 0.7% 
   

  

Pérdidas en las Líneas Primarias   706.564 3.3% 
   

  

Pérdidas a Voltaje Secundario   208.062 1.0%         

Pérdidas Técnicas totales   1,687.590 7.9% 
  

297.8   

Generación Neta - Perdidas Técnicas   18,820.633   78% 100% 2,740  2,740 

Perdidas No técnicas   1,302.084 6.1% 74% 100% 224.3 224.3 

Uso de PREPA   35.775   77% 100% 5.49 5.49 

Ventas    17,482.775   66% 84.5% 2,510  3,032  

      
     Total de energía vendida (mkWh) d 17,482.775   

     + Uso AEE (mkWh) e 35.775   
    Total de energía vendida con uso AEE (mkWh) f = d + e 17,518.549   
    Relación entre energía vendida con uso AEE y la generación neta (factor de eficiencia)  g = f / c 85.42% 

     
Factor de pérdidas totales (pérdidas técnicas

1 
y no técnicas) h = 1 - g 14.6% 

     Pérdidas Totales (pérdidas técnicas y no técnicas en mkWh) i = c * h             2,989.674  
     Pérdidas por transferencias de energía (pérdidas técnicas en mkWh)1 j            1,687.590    

     + Uso de auxiliares (mkWh) j'               854.490    
    Total Pérdidas Técnicas (mkWh) j"= j +j'            2,542.080    
    Total Pérdidas no técnicas (mkWh) k = i - j            1,302.084  

     
% de pérdidas técnicas

1
 
 
 (con relación a la generación bruta)

             
 m= j" / a 11.90% 

     
% de pérdidas no técnicas

2
  (con relación a la generación bruta)

             
 l = k / a 6.10% 

     1 Las pérdidas técnicas incluyen:  
                  3.00 %  de pérdidas de la energía recibida en la barra de transmisión. 

                    1.00 % de pérdidas de la energía recibida en el lado de alto voltaje de las subestaciones de distribución.  
                  4.52 % de pérdidas de la energía recibida en la barra de distribución primaria. 

                    2.02 % de pérdidas de la energía recibida en el lado de alto voltaje de los transformadores de distribución secundaria (incluyen las pérdidas en los transformadores y en las líneas secundarias). 

2 La pérdidas no técnicas incluyen: 
                    Las conexiones ilegales, vandalismo en equipo de medición, precisión  en equipos de medición, lecturas estimadas y estimados de consumo de clientes no medidos tal como alumbrado público.  
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Table B-1: Load Factor and Non-Coincident Peak Demand Estimates per Customer Class 

Demanda Máxima MW 
                        

Load Factor Clase/Tarifa 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

 
Residencial 

                        
0.742  RH3 A 103 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  2  2  2  2  2  2  

0.742  RH3 B 104 2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  

0.742  RH3 Fija 105 4  3  3  3  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  4  

0.742  RH3 Fija 106 32  30  30  30  31  31  32  32  32  32  32  32  32  32  32  32  33  33  33  33  34  34  34  34  

0.742  RH3 Fija 107 5  5  4  4  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  

0.695  LRS SUB 109 66  62  62  62  64  65  66  66  66  66  66  66  66  67  67  67  68  68  69  69  70  70  71  71  

0.695  LRS  SIN 110 34  32  32  32  33  34  34  34  34  34  34  34  35  35  35  35  35  35  36  36  36  37  37  37  

0.688  GRS A 111 77  72  71  72  74  75  76  76  76  76  77  77  77  77  78  78  79  79  80  80  81  81  82  83  

0.653  GRS B 112 926  872  861  864  893  906  917  918  919  921  923  926  929  933  937  942  947  953  959  966  974  981  990  999  

  Total 1,147 1,080 1,067 1,071 1,106 1,122 1,137 1,137 1,139 1,141 1,143 1,147 1,151 1,156 1,161 1,167 1,174 1,181 1,189 1,197 1,206 1,216 1,226 1,237 

  
66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 66% 

   
94% 99% 100% 103% 101% 101% 100% 100% 100% 100% 100% 100% 100% 100% 101% 101% 101% 101% 101% 101% 101% 101% 101% 

 
Comercial 

                        
0.500  060 0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  

0.916  070 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  

0.916  071 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  

0.916  080 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  

1.000  082 0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  

0.512  211 495  488  479  470  467  466  468  468  469  470  471  472  474  476  478  481  483  486  490  493  497  501  505  510  

0.688  212 757  745  733  718  714  713  716  716  717  718  720  722  725  728  731  735  739  743  748  754  760  766  772  779  

0.795  213 262  258  254  249  247  247  248  248  248  249  249  250  251  252  253  255  256  258  259  261  263  265  268  270  

0.556  862 2  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  2  2  2  2  2  

  Total 1,519  1,494  1,469  1,439  1,432  1,430  1,435  1,436  1,437  1,440  1,444  1,448  1,453  1,459  1,466  1,473  1,481  1,491  1,501  1,511  1,523  1,535  1,548  1,562  

  
65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 65% 

   
98% 98% 98% 99% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 101% 101% 101% 101% 101% 101% 101% 101% 101% 

 
Industrial 

                        
0.460  IND 311 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  

0.659  IND 312 30  28  27  26  26  26  26  26  26  26  26  26  26  26  27  27  27  27  27  27  28  28  28  28  

0.782  IND 313 209  197  189  183  182  181  181  181  181  182  182  183  183  184  185  186  187  188  189  191  192  194  195  197  

0.569  IND 333 17  16  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  16  16  16  16  16  

0.207  IND 343 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  

0.807  IND 363 49  46  45  43  43  43  43  43  43  43  43  43  43  43  44  44  44  44  45  45  45  46  46  46  

0.435  IND 393 30  28  27  26  26  26  26  26  26  26  26  26  26  26  26  27  27  27  27  27  27  28  28  28  

0.839  IND 603 30  28  27  26  26  26  26  26  26  26  26  26  26  26  26  26  26  27  27  27  27  27  28  28  

0.855  IND 613 2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  

0.839  IND 623 2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  

0.877  IND 653 0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  

0.877  IND 673 8  8  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  8  8  

0.753  IND 963 17  16  16  15  15  15  15  15  15  15  15  15  15  15  15  15  15  15  16  16  16  16  16  16  

  Total 396  374  359  348  345  344  343  343  344  344  345  346  347  349  350  352  354  356  359  361  364  367  370  373  

  
74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 74% 

   
94% 96% 97% 99% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 101% 101% 101% 101% 101% 101% 101% 101% 101% 
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Demanda Máxima MW 
                        

Load Factor Clase/Tarifa 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 

 
AP 

                        
0.500  01-045 54  60  59  59  59  59  59  59  60  60  60  60  60  60  61  61  61  62  62  63  63  64  64  65  

0.500  072 0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  

0.500  073 0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  

0.500  050-056 1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  

0.195  414 2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  

0.500  421 0  1  0  0  0  0  0  0  0  0  0  0  1  1  1  1  1  1  1  1  1  1  1  1  

1.000  422 0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  

0.140  423 3  3  3  3  3  3  3  3  3  3  3  3  3  3  4  4  4  4  4  4  4  4  4  4  

0.500  424 4  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  5  

  Total 64  72  71  71  71  71  71  71  71  71  71  72  72  72  72  73  73  74  74  75  75  76  77  77  

  
48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 48% 

   
112% 99% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 101% 101% 101% 101% 101% 101% 101% 101% 101% 

 
Otros 

                        
0.696  513 9  5  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  6  

 
Agrícola 

                        
0.459  711 7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  

  46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 46% 

  Total No Coincidente 3,142  3,032  2,977  2,941  2,967  2,979  2,998  3,000  3,003  3,009  3,016  3,025  3,036  3,048  3,062  3,078  3,095  3,114  3,135  3,157  3,181  3,207  3,235  3,264  
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Table C-1: System Peak Calculation for Base Scenario 

 
Load (GWh) Load Ancillary Technical Losses Non-Technical Losses PREPA Use System Generation (Total) 
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2015 6,200 8,363 2,344 296 27 34 17,264 107 17,157 2,933 2,428 82.78% 66.77% 98.2 80.62% 100.00% 693 1,613 257 100.00% 71.69% 1,201 171 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,700 2,960 100.00% 79.83% 

2016 6,246 8,306 2,262 296 27 35 17,173 215 16,958 2,882 2,386 82.78% 67.16% 98.2 80.62% 100.00% 693 1,594 243 100.00% 75.00% 1,187 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,468 2,902 100.00% 80.52% 

2017 6,337 8,329 2,189 296 27 34 17,213 322 16,891 2,854 2,363 82.78% 67.55% 98.2 80.62% 100.00% 693 1,588 239 100.00% 75.82% 1,182 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,390 2,874 100.00% 80.98% 

2018 6,425 8,387 2,136 296 27 34 17,305 410 16,895 2,842 2,353 82.78% 67.86% 98.2 80.62% 100.00% 693 1,588 237 100.00% 76.36% 1,183 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,395 2,862 100.00% 81.34% 

2019 6,496 8,448 2,097 296 27 34 17,398 498 16,900 2,830 2,342 82.78% 68.18% 98.2 80.62% 100.00% 693 1,589 236 100.00% 76.78% 1,183 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,401 2,851 100.00% 81.69% 

2020 6,499 8,473 2,068 296 27 34 17,396 585 16,811 2,801 2,318 82.78% 68.52% 76.2 80.62% 100.00% 538 1,580 234 100.00% 77.20% 1,177 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,141 2,802 100.00% 82.07% 

2021 6,499 8,487 2,046 296 27 34 17,389 673 16,715 2,771 2,294 82.78% 68.87% 76.2 80.62% 100.00% 538 1,571 231 100.00% 77.66% 1,170 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,031 2,773 100.00% 82.46% 

2022 6,500 8,496 2,029 296 27 34 17,382 761 16,621 2,741 2,269 82.78% 69.23% 76.2 80.62% 100.00% 538 1,562 228 100.00% 78.12% 1,163 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,921 2,745 100.00% 82.85% 

2023 6,500 8,508 2,017 296 27 34 17,382 761 16,621 2,741 2,269 82.78% 69.22% 76.2 80.62% 100.00% 538 1,562 227 100.00% 78.59% 1,163 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,921 2,744 100.00% 82.88% 

2024 6,500 8,523 2,008 296 27 34 17,388 761 16,627 2,742 2,270 82.78% 69.21% 76.2 80.62% 100.00% 538 1,563 227 100.00% 78.63% 1,164 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,927 2,745 100.00% 82.88% 

2025 6,501 8,539 2,001 296 27 34 17,397 761 16,636 2,744 2,272 82.78% 69.21% 76.2 80.62% 100.00% 538 1,564 227 100.00% 78.62% 1,165 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,938 2,746 100.00% 82.87% 

2026 6,501 8,555 1,995 296 27 34 17,408 761 16,647 2,746 2,273 82.78% 69.20% 76.2 80.62% 100.00% 538 1,565 227 100.00% 78.62% 1,165 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,951 2,748 100.00% 82.87% 

2027 6,501 8,571 1,991 296 27 34 17,421 761 16,660 2,748 2,275 82.78% 69.20% 76.2 80.62% 100.00% 538 1,566 227 100.00% 78.61% 1,166 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,966 2,751 100.00% 82.86% 

2028 6,501 8,588 1,988 296 27 34 17,435 761 16,674 2,751 2,277 82.78% 69.19% 76.2 80.62% 100.00% 538 1,567 228 100.00% 78.60% 1,167 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,982 2,753 100.00% 82.86% 

2029 6,501 8,606 1,986 296 27 34 17,450 761 16,690 2,754 2,280 82.78% 69.19% 76.2 80.62% 100.00% 538 1,569 228 100.00% 78.59% 1,168 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,001 2,756 100.00% 82.85% 

2030 6,501 8,625 1,984 296 27 34 17,468 761 16,707 2,757 2,282 82.78% 69.18% 76.2 80.62% 100.00% 538 1,570 228 100.00% 78.59% 1,170 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,021 2,759 100.00% 82.84% 

2031 6,502 8,646 1,983 296 27 34 17,487 761 16,726 2,760 2,285 82.78% 69.18% 76.2 80.62% 100.00% 538 1,572 228 100.00% 78.58% 1,171 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,043 2,762 100.00% 82.84% 

2032 6,502 8,667 1,982 296 27 34 17,508 761 16,747 2,764 2,288 82.78% 69.17% 76.2 80.62% 100.00% 538 1,574 229 100.00% 78.57% 1,172 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,068 2,766 100.00% 82.83% 

2033 6,502 8,690 1,981 296 27 34 17,530 761 16,769 2,768 2,291 82.78% 69.16% 76.2 80.62% 100.00% 538 1,576 229 100.00% 78.56% 1,174 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,093 2,769 100.00% 82.82% 

2034 6,502 8,714 1,981 296 27 34 17,554 761 16,793 2,772 2,295 82.78% 69.16% 76.2 80.62% 100.00% 538 1,579 229 100.00% 78.56% 1,176 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,121 2,773 100.00% 82.82% 

2035 6,502 8,739 1,980 296 27 34 17,579 761 16,818 2,776 2,298 82.78% 69.15% 76.2 80.62% 100.00% 538 1,581 230 100.00% 78.55% 1,177 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,150 2,778 100.00% 82.81% 
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Table C-2: System Peak Calculation for Optimistic Scenario 

 
Load (GWh) Load Ancillary Technical Losses Non-Technical Losses PREPA Use System Generation (Total) 
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2015 6,200 8,363 2,387 296 27 34 17,307 107 17,200 2,958 2,449 82.78% 66.38% 98.2 80.62% 100.00% 693 1,617 257.46 100.00% 71.69% 1,204 171.73 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,750 2,982 100.00% 79.44% 

2016 6,246 8,306 2,362 296 27 35 17,273 215 17,058 2,934 2,429 82.78% 66.37% 98.2 80.62% 100.00% 693 1,603 245.55 100.00% 74.54% 1,194 170.31 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,585 2,948 100.00% 79.70% 

2017 6,337 8,329 2,357 296 27 34 17,380 322 17,058 2,934 2,429 82.78% 66.36% 98.2 80.62% 100.00% 693 1,603 244.57 100.00% 74.84% 1,194 170.31 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,585 2,948 100.00% 79.72% 

2018 6,425 8,387 2,365 296 27 34 17,534 410 17,124 2,946 2,438 82.78% 66.36% 98.2 80.62% 100.00% 693 1,610 245.42 100.00% 74.87% 1,199 170.97 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,661 2,959 100.00% 79.72% 

2019 6,496 8,448 2,383 296 27 34 17,684 498 17,187 2,956 2,447 82.78% 66.36% 98.2 80.62% 100.00% 693 1,616 246.32 100.00% 74.87% 1,203 171.59 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,735 2,969 100.00% 79.72% 

2020 6,555 8,503 2,396 296 27 34 17,811 585 17,226 2,963 2,453 82.78% 66.37% 76.2 80.62% 100.00% 538 1,619 246.87 100.00% 74.87% 1,206 171.99 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,625 2,953 100.00% 79.72% 

2021 6,614 8,558 2,407 296 27 34 17,936 673 17,262 2,969 2,458 82.78% 66.37% 76.2 80.62% 100.00% 538 1,623 247.42 100.00% 74.87% 1,208 172.35 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,667 2,960 100.00% 79.72% 

2022 6,674 8,617 2,414 296 27 34 18,062 761 17,301 2,976 2,464 82.78% 66.36% 76.2 80.62% 100.00% 538 1,626 247.98 100.00% 74.87% 1,211 172.74 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,713 2,966 100.00% 79.72% 

2023 6,734 8,684 2,420 296 27 34 18,195 761 17,434 2,999 2,483 82.78% 66.36% 76.2 80.62% 100.00% 538 1,639 249.89 100.00% 74.87% 1,220 174.07 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,867 2,988 100.00% 79.71% 

2024 6,795 8,757 2,424 296 27 34 18,334 761 17,573 3,023 2,503 82.78% 66.36% 76.2 80.62% 100.00% 538 1,652 251.89 100.00% 74.86% 1,230 175.45 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,029 3,012 100.00% 79.71% 

2025 6,857 8,836 2,428 296 27 34 18,478 761 17,717 3,048 2,523 82.78% 66.35% 76.2 80.62% 100.00% 538 1,665 253.97 100.00% 74.86% 1,240 176.89 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,196 3,036 100.00% 79.70% 

2026 6,920 8,918 2,430 296 27 34 18,625 761 17,864 3,074 2,545 82.78% 66.35% 76.2 80.62% 100.00% 538 1,679 256.11 100.00% 74.85% 1,251 178.36 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,368 3,061 100.00% 79.70% 

2027 6,983 9,004 2,432 296 27 34 18,776 761 18,015 3,100 2,566 82.78% 66.34% 76.2 80.62% 100.00% 538 1,693 258.30 100.00% 74.84% 1,261 179.87 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,543 3,086 100.00% 79.69% 

2028 7,046 9,093 2,434 296 27 34 18,930 761 18,169 3,127 2,588 82.78% 66.33% 76.2 80.62% 100.00% 538 1,708 260.53 100.00% 74.83% 1,272 181.40 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,723 3,112 100.00% 79.68% 

2029 7,111 9,185 2,435 296 27 34 19,088 761 18,327 3,154 2,611 82.78% 66.33% 76.2 80.62% 100.00% 538 1,723 262.82 100.00% 74.82% 1,283 182.98 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,906 3,139 100.00% 79.67% 

2030 7,176 9,280 2,436 296 27 34 19,249 761 18,488 3,182 2,634 82.78% 66.32% 76.2 80.62% 100.00% 538 1,738 265.16 100.00% 74.82% 1,294 184.59 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,094 3,166 100.00% 79.67% 

2031 7,241 9,379 2,436 296 27 34 19,413 761 18,652 3,211 2,658 82.78% 66.31% 76.2 80.62% 100.00% 538 1,753 267.56 100.00% 74.81% 1,306 186.23 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,285 3,194 100.00% 79.66% 

2032 7,307 9,480 2,437 296 27 34 19,581 761 18,820 3,240 2,682 82.78% 66.31% 76.2 80.62% 100.00% 538 1,769 270.00 100.00% 74.80% 1,317 187.91 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,481 3,222 100.00% 79.65% 

2033 7,374 9,584 2,437 296 27 34 19,753 761 18,992 3,270 2,707 82.78% 66.30% 76.2 80.62% 100.00% 538 1,785 272.50 100.00% 74.79% 1,329 189.62 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,680 3,251 100.00% 79.64% 

2034 7,442 9,691 2,437 296 27 34 19,928 761 19,167 3,301 2,732 82.78% 66.29% 76.2 80.62% 100.00% 538 1,802 275.04 100.00% 74.78% 1,342 191.36 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,884 3,280 100.00% 79.63% 

2035 7,510 9,801 2,438 296 27 34 20,106 761 19,345 3,332 2,758 82.78% 66.28% 76.2 80.62% 100.00% 538 1,818 277.64 100.00% 74.77% 1,354 193.14 82.78% 66.26% 35.77 5.49 100.00% 74.33% 23,091 3,311 100.00% 79.62% 
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Table C-3: Sensitivity 1: System Peak Calculation for Base Scenario with 100% Achievement on Energy Efficiency Program Implementation 
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2015 6,200 8,363 2,344 296 27 34 17,264 134 17,130 2,924 2,421 82.78% 66.88% 98.2 80.62% 100.00% 693 1,610 256 100.00% 71.69% 1,199 171 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,669 2,952 100.00% 79.93% 

2016 6,246 8,306 2,262 296 27 35 17,173 268 16,904 2,864 2,371 82.78% 67.37% 98.2 80.62% 100.00% 693 1,589 241 100.00% 75.12% 1,183 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,406 2,885 100.00% 80.74% 

2017 6,337 8,329 2,189 296 27 34 17,213 403 16,810 2,827 2,341 82.78% 67.87% 98.2 80.62% 100.00% 693 1,580 237 100.00% 76.08% 1,177 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,296 2,849 100.00% 81.32% 

2018 6,425 8,387 2,136 296 27 34 17,305 512 16,793 2,808 2,324 82.78% 68.28% 98.2 80.62% 100.00% 693 1,579 235 100.00% 76.76% 1,175 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,276 2,830 100.00% 81.78% 

2019 6,496 8,448 2,097 296 27 34 17,398 622 16,776 2,788 2,308 82.78% 68.69% 98.2 80.62% 100.00% 693 1,577 233 100.00% 77.31% 1,174 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,256 2,812 100.00% 82.23% 

2020 6,499 8,473 2,068 296 27 34 17,396 732 16,664 2,752 2,278 82.78% 69.13% 76.2 80.62% 100.00% 538 1,566 230 100.00% 77.85% 1,166 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,971 2,756 100.00% 82.72% 

2021 6,499 8,487 2,046 296 27 34 17,389 842 16,547 2,715 2,248 82.78% 69.57% 76.2 80.62% 100.00% 538 1,555 226 100.00% 78.44% 1,158 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,835 2,721 100.00% 83.22% 

2022 6,500 8,496 2,029 296 27 34 17,382 951 16,431 2,678 2,217 82.78% 70.03% 76.2 80.62% 100.00% 538 1,544 223 100.00% 79.03% 1,150 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,699 2,686 100.00% 83.72% 

2023 6,500 8,508 2,017 296 27 34 17,382 951 16,431 2,679 2,217 82.78% 70.02% 76.2 80.62% 100.00% 538 1,544 221 100.00% 79.63% 1,150 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,699 2,685 100.00% 83.77% 

2024 6,500 8,523 2,008 296 27 34 17,388 951 16,437 2,680 2,218 82.78% 70.02% 76.2 80.62% 100.00% 538 1,545 221 100.00% 79.69% 1,151 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,706 2,686 100.00% 83.76% 

2025 6,501 8,539 2,001 296 27 34 17,397 951 16,446 2,682 2,220 82.78% 70.01% 76.2 80.62% 100.00% 538 1,546 221 100.00% 79.68% 1,151 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,717 2,687 100.00% 83.76% 

2026 6,501 8,555 1,995 296 27 34 17,408 951 16,457 2,684 2,222 82.78% 70.00% 76.2 80.62% 100.00% 538 1,547 222 100.00% 79.68% 1,152 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,730 2,689 100.00% 83.75% 

2027 6,501 8,571 1,991 296 27 34 17,421 951 16,470 2,686 2,224 82.78% 70.00% 76.2 80.62% 100.00% 538 1,548 222 100.00% 79.67% 1,153 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,745 2,692 100.00% 83.74% 

2028 6,501 8,588 1,988 296 27 34 17,435 951 16,484 2,689 2,226 82.78% 69.99% 76.2 80.62% 100.00% 538 1,549 222 100.00% 79.66% 1,154 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,761 2,694 100.00% 83.74% 

2029 6,501 8,606 1,986 296 27 34 17,450 951 16,499 2,691 2,228 82.78% 69.98% 76.2 80.62% 100.00% 538 1,551 222 100.00% 79.65% 1,155 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,779 2,697 100.00% 83.73% 

2030 6,501 8,625 1,984 296 27 34 17,468 951 16,517 2,694 2,231 82.78% 69.98% 76.2 80.62% 100.00% 538 1,553 223 100.00% 79.64% 1,156 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,800 2,700 100.00% 83.72% 

2031 6,502 8,646 1,983 296 27 34 17,487 951 16,536 2,698 2,233 82.78% 69.97% 76.2 80.62% 100.00% 538 1,554 223 100.00% 79.63% 1,158 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,822 2,703 100.00% 83.72% 

2032 6,502 8,667 1,982 296 27 34 17,508 951 16,557 2,701 2,236 82.78% 69.96% 76.2 80.62% 100.00% 538 1,556 223 100.00% 79.63% 1,159 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,846 2,706 100.00% 83.71% 

2033 6,502 8,690 1,981 296 27 34 17,530 951 16,579 2,705 2,240 82.78% 69.96% 76.2 80.62% 100.00% 538 1,558 223 100.00% 79.62% 1,161 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,872 2,710 100.00% 83.70% 

2034 6,502 8,714 1,981 296 27 34 17,554 951 16,603 2,710 2,243 82.78% 69.95% 76.2 80.62% 100.00% 538 1,561 224 100.00% 79.61% 1,162 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,899 2,714 100.00% 83.69% 

2035 6,502 8,739 1,980 296 27 34 17,579 951 16,628 2,714 2,247 82.78% 69.94% 76.2 80.62% 100.00% 538 1,563 224 100.00% 79.60% 1,164 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,929 2,718 100.00% 83.68% 
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Table C-4: Sensitivity 1: System Peak Calculation for Optimistic Scenario with 100% Achievement on Energy Efficiency Program Implementation 
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2015 6,200 8,363 2,387 296 27 34 17,307 134 17,173 2,954 2,445 82.78% 66.38% 98.2 80.62% 100.00% 693 1,614 257.06 100.00% 71.69% 1,202 171.46 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,719 2,977 100.00% 79.44% 

2016 6,246 8,306 2,362 296 27 35 17,273 268 17,004 2,925 2,421 82.78% 66.37% 98.2 80.62% 100.00% 693 1,598 244.78 100.00% 74.54% 1,190 169.77 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,522 2,939 100.00% 79.70% 

2017 6,337 8,329 2,357 296 27 34 17,380 403 16,978 2,920 2,418 82.78% 66.36% 98.2 80.62% 100.00% 693 1,596 243.42 100.00% 74.84% 1,188 169.51 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,491 2,934 100.00% 79.72% 

2018 6,425 8,387 2,365 296 27 34 17,534 512 17,021 2,928 2,424 82.78% 66.36% 98.2 80.62% 100.00% 693 1,600 243.95 100.00% 74.87% 1,191 169.94 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,542 2,941 100.00% 79.72% 

2019 6,496 8,448 2,383 296 27 34 17,684 622 17,062 2,935 2,430 82.78% 66.36% 98.2 80.62% 100.00% 693 1,604 244.54 100.00% 74.87% 1,194 170.35 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,590 2,948 100.00% 79.72% 

2020 6,555 8,503 2,396 296 27 34 17,811 732 17,080 2,938 2,432 82.78% 66.37% 76.2 80.62% 100.00% 538 1,605 244.78 100.00% 74.87% 1,196 170.53 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,455 2,929 100.00% 79.72% 

2021 6,614 8,558 2,407 296 27 34 17,936 842 17,094 2,940 2,434 82.78% 66.37% 76.2 80.62% 100.00% 538 1,607 245.00 100.00% 74.87% 1,197 170.67 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,471 2,931 100.00% 79.72% 

2022 6,674 8,617 2,414 296 27 34 18,062 951 17,111 2,943 2,437 82.78% 66.36% 76.2 80.62% 100.00% 538 1,608 245.25 100.00% 74.87% 1,198 170.84 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,491 2,934 100.00% 79.72% 

2023 6,734 8,684 2,420 296 27 34 18,195 951 17,244 2,966 2,456 82.78% 66.36% 76.2 80.62% 100.00% 538 1,621 247.16 100.00% 74.87% 1,207 172.17 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,646 2,957 100.00% 79.71% 

2024 6,795 8,757 2,424 296 27 34 18,334 951 17,383 2,990 2,476 82.78% 66.36% 76.2 80.62% 100.00% 538 1,634 249.16 100.00% 74.86% 1,217 173.55 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,807 2,980 100.00% 79.71% 

2025 6,857 8,836 2,428 296 27 34 18,478 951 17,527 3,015 2,496 82.78% 66.35% 76.2 80.62% 100.00% 538 1,647 251.24 100.00% 74.86% 1,227 174.99 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,975 3,004 100.00% 79.70% 

2026 6,920 8,918 2,430 296 27 34 18,625 951 17,674 3,041 2,517 82.78% 66.35% 76.2 80.62% 100.00% 538 1,661 253.38 100.00% 74.85% 1,237 176.46 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,147 3,029 100.00% 79.70% 

2027 6,983 9,004 2,432 296 27 34 18,776 951 17,825 3,067 2,539 82.78% 66.34% 76.2 80.62% 100.00% 538 1,676 255.57 100.00% 74.84% 1,248 177.97 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,322 3,054 100.00% 79.69% 

2028 7,046 9,093 2,434 296 27 34 18,930 951 17,979 3,094 2,561 82.78% 66.33% 76.2 80.62% 100.00% 538 1,690 257.81 100.00% 74.83% 1,259 179.51 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,501 3,080 100.00% 79.68% 

2029 7,111 9,185 2,435 296 27 34 19,088 951 18,137 3,122 2,584 82.78% 66.33% 76.2 80.62% 100.00% 538 1,705 260.09 100.00% 74.83% 1,270 181.08 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,685 3,107 100.00% 79.67% 

2030 7,176 9,280 2,436 296 27 34 19,249 951 18,298 3,150 2,607 82.78% 66.32% 76.2 80.62% 100.00% 538 1,720 262.43 100.00% 74.82% 1,281 182.69 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,872 3,134 100.00% 79.67% 

2031 7,241 9,379 2,436 296 27 34 19,413 951 18,462 3,178 2,631 82.78% 66.31% 76.2 80.62% 100.00% 538 1,735 264.83 100.00% 74.81% 1,292 184.33 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,064 3,162 100.00% 79.66% 

2032 7,307 9,480 2,437 296 27 34 19,581 951 18,630 3,208 2,655 82.78% 66.31% 76.2 80.62% 100.00% 538 1,751 267.27 100.00% 74.80% 1,304 186.01 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,259 3,190 100.00% 79.65% 

2033 7,374 9,584 2,437 296 27 34 19,753 951 18,802 3,237 2,680 82.78% 66.30% 76.2 80.62% 100.00% 538 1,767 269.77 100.00% 74.79% 1,316 187.72 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,459 3,219 100.00% 79.64% 

2034 7,442 9,691 2,437 296 27 34 19,928 951 18,976 3,268 2,705 82.78% 66.29% 76.2 80.62% 100.00% 538 1,784 272.31 100.00% 74.78% 1,328 189.46 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,663 3,249 100.00% 79.63% 

2035 7,510 9,801 2,438 296 27 34 20,106 951 19,155 3,299 2,731 82.78% 66.28% 76.2 80.62% 100.00% 538 1,801 274.90 100.00% 74.77% 1,341 191.24 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,870 3,279 100.00% 79.63% 
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Table C-5: Sensitivity 2: System Peak Calculation for Base Scenario with Portfolio 2 and 3 Implementation 
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2015 6,200 8,363 2,344 296 27 34 17,264 107 17,157 2,933 2,428 82.78% 66.77% 98.2 80.62% 100.00% 693 1,613 257 100.00% 71.69% 1,201 171 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,700 2,960 100.00% 79.83% 

2016 6,246 8,306 2,262 296 27 35 17,173 215 16,958 2,882 2,386 82.78% 67.16% 98.2 80.62% 100.00% 693 1,594 243 100.00% 75.00% 1,187 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,468 2,902 100.00% 80.52% 

2017 6,337 8,329 2,189 296 27 34 17,213 322 16,891 2,854 2,363 82.78% 67.55% 98.2 80.62% 100.00% 693 1,588 239 100.00% 75.82% 1,182 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,390 2,874 100.00% 80.98% 

2018 6,425 8,387 2,136 296 27 34 17,305 410 16,895 2,842 2,353 82.78% 67.86% 98.2 80.62% 100.00% 693 1,588 237 100.00% 76.36% 1,183 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,395 2,862 100.00% 81.34% 

2019 6,496 8,448 2,097 296 27 34 17,398 498 16,900 2,830 2,342 82.78% 68.18% 98.2 80.62% 100.00% 693 1,589 236 100.00% 76.78% 1,183 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,401 2,851 100.00% 81.69% 

2020 6,499 8,473 2,068 296 27 34 17,396 585 16,811 2,801 2,318 82.78% 68.52% 76.2 80.62% 100.00% 538 1,580 234 100.00% 77.20% 1,177 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,141 2,802 100.00% 82.07% 

2021 6,499 8,487 2,046 296 27 34 17,389 673 16,715 2,771 2,294 82.78% 68.87% 76.2 80.62% 100.00% 538 1,571 231 100.00% 77.66% 1,170 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,031 2,773 100.00% 82.46% 

2022 6,500 8,496 2,029 296 27 34 17,382 761 16,621 2,741 2,269 82.78% 69.23% 76.2 80.62% 100.00% 538 1,562 228 100.00% 78.12% 1,163 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,921 2,745 100.00% 82.85% 

2023 6,500 8,508 2,017 296 27 34 17,382 761 16,621 2,741 2,269 82.78% 69.22% 51 80.62% 100.00% 360 1,562 227 100.00% 78.59% 1,163 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,743 2,718 100.00% 82.90% 

2024 6,500 8,523 2,008 296 27 34 17,388 761 16,627 2,742 2,270 82.78% 69.21% 26 80.62% 100.00% 184 1,563 227 100.00% 78.65% 1,164 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,573 2,694 100.00% 82.92% 

2025 6,501 8,539 2,001 296 27 34 17,397 761 16,636 2,744 2,272 82.78% 69.21% 0 80.62% 100.00% 0 1,564 227 100.00% 78.68% 1,165 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,400 2,670 100.00% 82.94% 

2026 6,501 8,555 1,995 296 27 34 17,408 761 16,647 2,746 2,273 82.78% 69.20% 0 80.62% 100.00% 0 1,565 227 100.00% 78.70% 1,165 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,413 2,672 100.00% 82.94% 

2027 6,501 8,571 1,991 296 27 34 17,421 761 16,660 2,748 2,275 82.78% 69.20% 0 80.62% 100.00% 0 1,566 227 100.00% 78.69% 1,166 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,428 2,674 100.00% 82.93% 

2028 6,501 8,588 1,988 296 27 34 17,435 761 16,674 2,751 2,277 82.78% 69.19% 0 80.62% 100.00% 0 1,567 227 100.00% 78.69% 1,167 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,444 2,677 100.00% 82.93% 

2029 6,501 8,606 1,986 296 27 34 17,450 761 16,690 2,754 2,280 82.78% 69.19% 0 80.62% 100.00% 0 1,569 228 100.00% 78.68% 1,168 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,463 2,679 100.00% 82.92% 

2030 6,501 8,625 1,984 296 27 34 17,468 761 16,707 2,757 2,282 82.78% 69.18% 0 80.62% 100.00% 0 1,570 228 100.00% 78.67% 1,170 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,483 2,682 100.00% 82.91% 

2031 6,502 8,646 1,983 296 27 34 17,487 761 16,726 2,760 2,285 82.78% 69.18% 0 80.62% 100.00% 0 1,572 228 100.00% 78.66% 1,171 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,505 2,686 100.00% 82.91% 

2032 6,502 8,667 1,982 296 27 34 17,508 761 16,747 2,764 2,288 82.78% 69.17% 0 80.62% 100.00% 0 1,574 228 100.00% 78.66% 1,172 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,529 2,689 100.00% 82.90% 

2033 6,502 8,690 1,981 296 27 34 17,530 761 16,769 2,768 2,291 82.78% 69.16% 0 80.62% 100.00% 0 1,576 229 100.00% 78.65% 1,174 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,555 2,693 100.00% 82.89% 

2034 6,502 8,714 1,981 296 27 34 17,554 761 16,793 2,772 2,295 82.78% 69.16% 0 80.62% 100.00% 0 1,579 229 100.00% 78.64% 1,176 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,583 2,697 100.00% 82.89% 

2035 6,502 8,739 1,980 296 27 34 17,579 761 16,818 2,776 2,298 82.78% 69.15% 0 80.62% 100.00% 0 1,581 230 100.00% 78.63% 1,177 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,612 2,701 100.00% 82.88% 
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Table C-6: Sensitivity 2: System Peak Calculation for Optimistic Scenario with Portfolio 2 and 3 Implementation 

 
Load (GWh) Load Ancillary Technical Losses Non-Technical Losses PREPA Use System Generation (Total) 
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2015 6,200 8,363 2,387 296 27 34 17,307 107 17,200 2,958 2,449 82.78% 66.38% 98.2 80.62% 100.00% 693 1,617 257.46 100.00% 71.69% 1,204 171.73 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,750 2,982 100.00% 79.44% 

2016 6,246 8,306 2,362 296 27 35 17,273 215 17,058 2,934 2,429 82.78% 66.37% 98.2 80.62% 100.00% 693 1,603 245.55 100.00% 74.54% 1,194 170.31 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,585 2,948 100.00% 79.70% 

2017 6,337 8,329 2,357 296 27 34 17,380 322 17,058 2,934 2,429 82.78% 66.36% 98.2 80.62% 100.00% 693 1,603 244.57 100.00% 74.84% 1,194 170.31 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,585 2,948 100.00% 79.72% 

2018 6,425 8,387 2,365 296 27 34 17,534 410 17,124 2,946 2,438 82.78% 66.36% 98.2 80.62% 100.00% 693 1,610 245.42 100.00% 74.87% 1,199 170.97 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,661 2,959 100.00% 79.72% 

2019 6,496 8,448 2,383 296 27 34 17,684 498 17,187 2,956 2,447 82.78% 66.36% 98.2 80.62% 100.00% 693 1,616 246.32 100.00% 74.87% 1,203 171.59 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,735 2,969 100.00% 79.72% 

2020 6,555 8,503 2,396 296 27 34 17,811 585 17,226 2,963 2,453 82.78% 66.37% 76.2 80.62% 100.00% 538 1,619 246.87 100.00% 74.87% 1,206 171.99 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,625 2,953 100.00% 79.72% 

2021 6,614 8,558 2,407 296 27 34 17,936 673 17,262 2,969 2,458 82.78% 66.37% 76.2 80.62% 100.00% 538 1,623 247.42 100.00% 74.87% 1,208 172.35 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,667 2,960 100.00% 79.72% 

2022 6,674 8,617 2,414 296 27 34 18,062 761 17,301 2,976 2,464 82.78% 66.36% 76.2 80.62% 100.00% 538 1,626 247.98 100.00% 74.87% 1,211 172.74 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,713 2,966 100.00% 79.72% 

2023 6,734 8,684 2,420 296 27 34 18,195 761 17,434 2,999 2,483 82.78% 66.36% 51 80.62% 100.00% 360 1,639 249.89 100.00% 74.87% 1,220 174.07 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,689 2,963 100.00% 79.70% 

2024 6,795 8,757 2,424 296 27 34 18,334 761 17,573 3,023 2,503 82.78% 66.36% 26 80.62% 100.00% 184 1,652 251.92 100.00% 74.85% 1,230 175.45 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,674 2,962 100.00% 79.69% 

2025 6,857 8,836 2,428 296 27 34 18,478 761 17,717 3,048 2,523 82.78% 66.35% 0 80.62% 100.00% 0 1,665 254.04 100.00% 74.84% 1,240 176.89 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,658 2,960 100.00% 79.68% 

2026 6,920 8,918 2,430 296 27 34 18,625 761 17,864 3,074 2,545 82.78% 66.35% 0 80.62% 100.00% 0 1,679 256.21 100.00% 74.82% 1,251 178.36 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,830 2,985 100.00% 79.67% 

2027 6,983 9,004 2,432 296 27 34 18,776 761 18,015 3,100 2,566 82.78% 66.34% 0 80.62% 100.00% 0 1,693 258.40 100.00% 74.81% 1,261 179.87 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,005 3,010 100.00% 79.66% 

2028 7,046 9,093 2,434 296 27 34 18,930 761 18,169 3,127 2,588 82.78% 66.33% 0 80.62% 100.00% 0 1,708 260.64 100.00% 74.80% 1,272 181.40 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,185 3,036 100.00% 79.66% 

2029 7,111 9,185 2,435 296 27 34 19,088 761 18,327 3,154 2,611 82.78% 66.33% 0 80.62% 100.00% 0 1,723 262.93 100.00% 74.79% 1,283 182.98 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,368 3,063 100.00% 79.65% 

2030 7,176 9,280 2,436 296 27 34 19,249 761 18,488 3,182 2,634 82.78% 66.32% 0 80.62% 100.00% 0 1,738 265.27 100.00% 74.79% 1,294 184.59 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,556 3,090 100.00% 79.64% 

2031 7,241 9,379 2,436 296 27 34 19,413 761 18,652 3,211 2,658 82.78% 66.31% 0 80.62% 100.00% 0 1,753 267.67 100.00% 74.78% 1,306 186.23 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,747 3,118 100.00% 79.63% 

2032 7,307 9,480 2,437 296 27 34 19,581 761 18,820 3,240 2,682 82.78% 66.31% 0 80.62% 100.00% 0 1,769 270.11 100.00% 74.77% 1,317 187.91 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,943 3,146 100.00% 79.62% 

2033 7,374 9,584 2,437 296 27 34 19,753 761 18,992 3,270 2,707 82.78% 66.30% 0 80.62% 100.00% 0 1,785 272.61 100.00% 74.76% 1,329 189.62 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,142 3,175 100.00% 79.62% 

2034 7,442 9,691 2,437 296 27 34 19,928 761 19,167 3,301 2,732 82.78% 66.29% 0 80.62% 100.00% 0 1,802 275.15 100.00% 74.75% 1,342 191.36 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,346 3,204 100.00% 79.61% 

2035 7,510 9,801 2,438 296 27 34 20,106 761 19,345 3,332 2,758 82.78% 66.28% 0 80.62% 100.00% 0 1,818 277.75 100.00% 74.74% 1,354 193.14 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,553 3,234 100.00% 79.60% 
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Table C-7: Sensitivity 3: System Peak Calculation for Base Scenario with 100% Achievement on Energy Efficiency Program Implementation and New Combined Cycle Units (Portfolios 2 and 3) 
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2015 6,200 8,363 2,344 296 27 34 17,264 134 17,130 2,924 2,421 82.78% 66.88% 98.2 80.62% 100.00% 693 1,610 256 100.00% 71.69% 1,199 171 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,669 2,952 100.00% 79.93% 

2016 6,246 8,306 2,262 296 27 35 17,173 268 16,904 2,864 2,371 82.78% 67.37% 98.2 80.62% 100.00% 693 1,589 241 100.00% 75.12% 1,183 169 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,406 2,885 100.00% 80.74% 

2017 6,337 8,329 2,189 296 27 34 17,213 403 16,810 2,827 2,341 82.78% 67.87% 98.2 80.62% 100.00% 693 1,580 237 100.00% 76.08% 1,177 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,296 2,849 100.00% 81.32% 

2018 6,425 8,387 2,136 296 27 34 17,305 512 16,793 2,808 2,324 82.78% 68.28% 98.2 80.62% 100.00% 693 1,579 235 100.00% 76.76% 1,175 168 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,276 2,830 100.00% 81.78% 

2019 6,496 8,448 2,097 296 27 34 17,398 622 16,776 2,788 2,308 82.78% 68.69% 98.2 80.62% 100.00% 693 1,577 233 100.00% 77.31% 1,174 167 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,256 2,812 100.00% 82.23% 

2020 6,499 8,473 2,068 296 27 34 17,396 732 16,664 2,752 2,278 82.78% 69.13% 76.2 80.62% 100.00% 538 1,566 230 100.00% 77.85% 1,166 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,971 2,756 100.00% 82.72% 

2021 6,499 8,487 2,046 296 27 34 17,389 842 16,547 2,715 2,248 82.78% 69.57% 76.2 80.62% 100.00% 538 1,555 226 100.00% 78.44% 1,158 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,835 2,721 100.00% 83.22% 

2022 6,500 8,496 2,029 296 27 34 17,382 951 16,431 2,678 2,217 82.78% 70.03% 76.2 80.62% 100.00% 538 1,544 223 100.00% 79.03% 1,150 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,699 2,686 100.00% 83.72% 

2023 6,500 8,508 2,017 296 27 34 17,382 951 16,431 2,679 2,217 82.78% 70.02% 51 80.62% 100.00% 360 1,544 221 100.00% 79.63% 1,150 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,521 2,659 100.00% 83.80% 

2024 6,500 8,523 2,008 296 27 34 17,388 951 16,437 2,680 2,218 82.78% 70.02% 26 80.62% 100.00% 184 1,545 221 100.00% 79.72% 1,151 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,352 2,635 100.00% 83.83% 

2025 6,501 8,539 2,001 296 27 34 17,397 951 16,446 2,682 2,220 82.78% 70.01% 26 80.62% 100.00% 184 1,546 221 100.00% 79.76% 1,151 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,362 2,637 100.00% 83.82% 

2026 6,501 8,555 1,995 296 27 34 17,408 951 16,457 2,684 2,222 82.78% 70.00% 26 80.62% 100.00% 184 1,547 221 100.00% 79.76% 1,152 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,375 2,639 100.00% 83.82% 

2027 6,501 8,571 1,991 296 27 34 17,421 951 16,470 2,686 2,224 82.78% 70.00% 26 80.62% 100.00% 184 1,548 222 100.00% 79.75% 1,153 164 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,390 2,641 100.00% 83.81% 

2028 6,501 8,588 1,988 296 27 34 17,435 951 16,484 2,689 2,226 82.78% 69.99% 26 80.62% 100.00% 184 1,549 222 100.00% 79.74% 1,154 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,406 2,644 100.00% 83.80% 

2029 6,501 8,606 1,986 296 27 34 17,450 951 16,499 2,691 2,228 82.78% 69.98% 0 80.62% 100.00% 0 1,551 222 100.00% 79.73% 1,155 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,241 2,620 100.00% 83.83% 

2030 6,501 8,625 1,984 296 27 34 17,468 951 16,517 2,694 2,231 82.78% 69.98% 0 80.62% 100.00% 0 1,553 222 100.00% 79.76% 1,156 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,262 2,623 100.00% 83.82% 

2031 6,502 8,646 1,983 296 27 34 17,487 951 16,536 2,698 2,233 82.78% 69.97% 0 80.62% 100.00% 0 1,554 222 100.00% 79.76% 1,158 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,284 2,626 100.00% 83.82% 

2032 6,502 8,667 1,982 296 27 34 17,508 951 16,557 2,701 2,236 82.78% 69.96% 0 80.62% 100.00% 0 1,556 223 100.00% 79.75% 1,159 165 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,308 2,630 100.00% 83.81% 

2033 6,502 8,690 1,981 296 27 34 17,530 951 16,579 2,705 2,240 82.78% 69.96% 0 80.62% 100.00% 0 1,558 223 100.00% 79.74% 1,161 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,334 2,634 100.00% 83.80% 

2034 6,502 8,714 1,981 296 27 34 17,554 951 16,603 2,710 2,243 82.78% 69.95% 0 80.62% 100.00% 0 1,561 223 100.00% 79.73% 1,162 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,361 2,638 100.00% 83.79% 

2035 6,502 8,739 1,980 296 27 34 17,579 951 16,628 2,714 2,247 82.78% 69.94% 0 80.62% 100.00% 0 1,563 224 100.00% 79.72% 1,164 166 82.78% 66.26% 35.77 5.49 100.00% 74.33% 19,390 2,642 100.00% 83.78% 

 
  



Detail of Demand Forecast Results 
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Table C-8: Sensitivity 3: System Peak Calculation for Optimistic Scenario with 100% Achievement on Energy Efficiency Program Implementation and New Combined Cycle Units (Portfolios 2 and 3) 
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2015 6,200 8,363 2,387 296 27 34 17,307 134 17,173 2,954 2,445 82.78% 66.38% 98.2 80.62% 100.00% 693 1,614 257.06 100.00% 71.69% 1,202 171.46 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,719 2,977 100.00% 79.44% 

2016 6,246 8,306 2,362 296 27 35 17,273 268 17,004 2,925 2,421 82.78% 66.37% 98.2 80.62% 100.00% 693 1,598 244.78 100.00% 74.54% 1,190 169.77 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,522 2,939 100.00% 79.70% 

2017 6,337 8,329 2,357 296 27 34 17,380 403 16,978 2,920 2,418 82.78% 66.36% 98.2 80.62% 100.00% 693 1,596 243.42 100.00% 74.84% 1,188 169.51 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,491 2,934 100.00% 79.72% 

2018 6,425 8,387 2,365 296 27 34 17,534 512 17,021 2,928 2,424 82.78% 66.36% 98.2 80.62% 100.00% 693 1,600 243.95 100.00% 74.87% 1,191 169.94 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,542 2,941 100.00% 79.72% 

2019 6,496 8,448 2,383 296 27 34 17,684 622 17,062 2,935 2,430 82.78% 66.36% 98.2 80.62% 100.00% 693 1,604 244.54 100.00% 74.87% 1,194 170.35 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,590 2,948 100.00% 79.72% 

2020 6,555 8,503 2,396 296 27 34 17,811 732 17,080 2,938 2,432 82.78% 66.37% 76.2 80.62% 100.00% 538 1,605 244.78 100.00% 74.87% 1,196 170.53 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,455 2,929 100.00% 79.72% 

2021 6,614 8,558 2,407 296 27 34 17,936 842 17,094 2,940 2,434 82.78% 66.37% 76.2 80.62% 100.00% 538 1,607 245.00 100.00% 74.87% 1,197 170.67 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,471 2,931 100.00% 79.72% 

2022 6,674 8,617 2,414 296 27 34 18,062 951 17,111 2,943 2,437 82.78% 66.36% 76.2 80.62% 100.00% 538 1,608 245.25 100.00% 74.87% 1,198 170.84 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,491 2,934 100.00% 79.72% 

2023 6,734 8,684 2,420 296 27 34 18,195 951 17,244 2,966 2,456 82.78% 66.36% 51 80.62% 100.00% 360 1,621 247.16 100.00% 74.87% 1,207 172.17 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,468 2,931 100.00% 79.70% 

2024 6,795 8,757 2,424 296 27 34 18,334 951 17,383 2,990 2,476 82.78% 66.36% 26 80.62% 100.00% 184 1,634 249.20 100.00% 74.85% 1,217 173.55 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,453 2,930 100.00% 79.69% 

2025 6,857 8,836 2,428 296 27 34 18,478 951 17,527 3,015 2,496 82.78% 66.35% 26 80.62% 100.00% 184 1,647 251.31 100.00% 74.84% 1,227 174.99 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,620 2,954 100.00% 79.69% 

2026 6,920 8,918 2,430 296 27 34 18,625 951 17,674 3,041 2,517 82.78% 66.35% 26 80.62% 100.00% 184 1,661 253.45 100.00% 74.83% 1,237 176.46 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,792 2,979 100.00% 79.68% 

2027 6,983 9,004 2,432 296 27 34 18,776 951 17,825 3,067 2,539 82.78% 66.34% 26 80.62% 100.00% 184 1,676 255.64 100.00% 74.82% 1,248 177.97 82.78% 66.26% 35.77 5.49 100.00% 74.33% 20,968 3,004 100.00% 79.67% 

2028 7,046 9,093 2,434 296 27 34 18,930 951 17,979 3,094 2,561 82.78% 66.33% 26 80.62% 100.00% 184 1,690 257.88 100.00% 74.81% 1,259 179.51 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,147 3,030 100.00% 79.66% 

2029 7,111 9,185 2,435 296 27 34 19,088 951 18,137 3,122 2,584 82.78% 66.33% 0 80.62% 100.00% 0 1,705 260.16 100.00% 74.80% 1,270 181.08 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,147 3,031 100.00% 79.65% 

2030 7,176 9,280 2,436 296 27 34 19,249 951 18,298 3,150 2,607 82.78% 66.32% 0 80.62% 100.00% 0 1,720 262.54 100.00% 74.79% 1,281 182.69 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,334 3,058 100.00% 79.64% 

2031 7,241 9,379 2,436 296 27 34 19,413 951 18,462 3,178 2,631 82.78% 66.31% 0 80.62% 100.00% 0 1,735 264.94 100.00% 74.78% 1,292 184.33 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,526 3,086 100.00% 79.63% 

2032 7,307 9,480 2,437 296 27 34 19,581 951 18,630 3,208 2,655 82.78% 66.31% 0 80.62% 100.00% 0 1,751 267.38 100.00% 74.77% 1,304 186.01 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,721 3,114 100.00% 79.62% 

2033 7,374 9,584 2,437 296 27 34 19,753 951 18,802 3,237 2,680 82.78% 66.30% 0 80.62% 100.00% 0 1,767 269.88 100.00% 74.76% 1,316 187.72 82.78% 66.26% 35.77 5.49 100.00% 74.33% 21,921 3,143 100.00% 79.62% 

2034 7,442 9,691 2,437 296 27 34 19,928 951 18,976 3,268 2,705 82.78% 66.29% 0 80.62% 100.00% 0 1,784 272.42 100.00% 74.75% 1,328 189.46 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,124 3,173 100.00% 79.61% 

2035 7,510 9,801 2,438 296 27 34 20,106 951 19,155 3,299 2,731 82.78% 66.28% 0 80.62% 100.00% 0 1,801 275.02 100.00% 74.74% 1,341 191.24 82.78% 66.26% 35.77 5.49 100.00% 74.33% 22,332 3,203 100.00% 79.60% 
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Table D-1: Fuel Price Data Provided by PREPA 

  No. 6 Calculations No. 2 Calculations Natural Gas Calculations 

  0.3%S 0.3%S 0.7%S 0.7%S   NY/Boston Gulf Coast NY/Boston U.S. Gulf Coast   0.3%S 0.3%S 0.7%S 0.7%S   

  Hi Pr Hi Pr       ULSD ULSD ULSD ULSD ULS Diesel ULS Diesel ULS Diesel ULS Diesel   Lo Pr Lo Pr       

  Platt Platt Platt Platt   Platt Platt Platt Platt Argus Argus Argus Argus   Platt Platt Platt Platt   

Date Lowest Highest Lowest Highest Final Lowest Highest Lowest Highest Lowest Highest Lowest Highest Final Lowest Highest Lowest Highest Final 

1/1/2010 76.95 77.05 73.25 73.35   207.68 207.78 208.53 208.73           79.10 79.20 73.25 73.35   

1/2/2010 76.95 77.05 73.25 73.35 75.1500 207.68 207.78 208.53 208.73           79.10 79.20 73.25 73.35   

1/3/2010 76.95 77.05 73.25 73.35 75.7667 207.68 207.78 208.53 208.73           79.10 79.20 73.25 73.35   

1/4/2010 78.80 78.90 75.10 75.20 76.5167 215.40 215.90 215.60 215.70           80.95 81.05 75.10 75.20   

1/5/2010 79.10 79.20 75.60 75.70 78.0917 215.40 215.50 216.50 216.60           81.25 81.35 75.60 75.70   

1/6/2010 81.60 81.70 78.05 78.15 79.0750 216.37 216.87 217.37 217.62           85.10 85.20 78.05 78.15   

1/7/2010 81.70 81.80 78.10 78.20 80.0250 214.70 215.20 216.20 216.40           85.15 85.25 78.10 78.20   

1/8/2010 82.05 82.15 78.35 78.45 80.1500 217.04 217.29 217.79 218.04           85.50 85.60 78.35 78.45   

1/9/2010 82.05 82.15 78.35 78.45 80.2500 217.04 217.29 217.79 218.04           85.50 85.60 78.35 78.45   

1/10/2010 82.05 82.15 78.35 78.45 80.0833 217.04 217.29 217.79 218.04           85.50 85.60 78.35 78.45   

1/11/2010 81.55 81.65 77.85 77.95 79.1667 213.91 214.16 214.61 214.71           85.00 85.10 77.85 77.95   

1/12/2010 79.05 79.15 75.85 75.95 77.8750 209.25 209.75 210.20 210.30           82.05 82.15 75.85 75.95   

1/13/2010 77.80 77.90 74.85 74.95 76.4917 205.89 206.39 206.94 207.04           80.80 80.90 74.85 74.95   

1/14/2010 76.85 76.95 74.25 74.35 75.4167 204.15 204.40 205.05 205.15           79.85 79.95 74.25 74.35   

1/15/2010 75.45 75.55 73.00 73.10 74.7167 201.16 201.31 201.91 202.41           78.35 78.45 73.00 73.10   

1/16/2010 75.45 75.55 73.00 73.10 74.2750 201.16 201.31 201.91 202.41           78.35 78.45 73.00 73.10   

1/17/2010 75.45 75.55 73.00 73.10 74.2750 201.16 201.31 201.91 202.41           78.35 78.45 73.00 73.10   

1/18/2010 75.45 75.55 73.00 73.10 74.5250 201.16 201.31 201.91 202.41           78.35 78.45 73.00 73.10   

1/19/2010 76.15 76.25 73.80 73.90 73.9167 200.45 200.55 201.70 201.95           78.95 79.05 73.80 73.90   

1/20/2010 73.55 73.65 71.25 71.35 72.9917 196.72 196.97 198.67 198.72           76.25 76.35 71.25 71.35   

1/21/2010 72.95 73.00 70.00 70.05 71.4375 194.58 195.08 196.43 196.48           75.65 75.70 70.00 70.05   

1/22/2010 71.85 71.90 68.80 68.90 70.7417 190.38 190.88 192.74 192.84           74.55 74.60 68.80 68.90   

1/23/2010 71.85 71.90 68.80 68.90 70.3625 190.38 190.88 192.74 192.84           74.55 74.60 68.80 68.90   

1/24/2010 71.85 71.90 68.80 68.90 70.7250 190.38 190.88 192.74 192.84           74.55 74.60 68.80 68.90   

1/25/2010 72.85 72.95 69.95 70.05 70.9042 193.12 193.22 195.92 196.42           75.55 75.65 69.95 70.05   

1/26/2010 71.95 72.00 69.80 69.85 70.9000 192.00 192.25 195.75 196.00           74.65 74.70 69.80 69.85   

1/27/2010 71.40 71.45 69.25 69.30 70.6667 188.18 188.43 192.08 192.18           74.10 74.15 69.25 69.30   

1/28/2010 71.75 71.85 69.65 69.75 70.3500 189.08 189.33 192.78 192.88           74.45 74.55 69.65 69.75   

1/29/2010 70.95 71.05 68.85 68.95 70.2167 187.26 187.76 190.96 191.06           73.65 73.75 68.85 68.95   

1/30/2010 70.95 71.05 68.85 68.95 69.9500 187.26 187.76 190.96 191.06           73.65 73.75 68.85 68.95   

1/31/2010 70.95 71.05 68.85 68.95 70.3000 187.26 187.76 190.96 191.06           73.65 73.75 68.85 68.95   

2/1/2010 72.05 72.10 69.90 69.95 71.4333 192.42 192.52 194.97 195.07           74.75 74.80 69.90 69.95   

2/2/2010 74.45 74.50 72.20 72.25 72.4250 199.35 199.60 202.15 202.65           77.15 77.20 72.20 72.25   

2/3/2010 74.00 74.05 71.80 71.85 71.9000 197.66 198.16 200.96 201.21           76.70 76.75 71.80 71.85   

2/4/2010 70.50 70.55 68.30 68.35 70.0417 189.28 189.48 193.03 193.53           73.20 73.25 68.30 68.35   

2/5/2010 69.05 69.30 66.35 66.40 68.3250 185.35 185.85 190.20 190.60           71.75 72.00 66.35 66.40   

2/6/2010 69.05 69.30 66.35 66.40 67.7750 185.35 185.85 190.20 190.60           71.75 72.00 66.35 66.40   

2/7/2010 69.05 69.30 66.35 66.40 68.1083 185.35 185.85 190.20 190.60           71.75 72.00 66.35 66.40   

2/8/2010 70.20 70.30 67.25 67.35 69.2000 184.55 185.05 190.25 190.30           72.95 73.05 67.25 67.35   

2/9/2010 72.75 72.85 69.25 69.35 70.5292 190.16 190.36 195.21 195.31           75.50 75.60 69.25 69.35   

2/10/2010 73.90 73.95 69.55 69.65 71.9625 190.76 191.16 195.41 195.76           76.65 76.70 69.55 69.65   

2/11/2010 74.35 74.40 71.75 71.80 72.2875 192.30 192.80 197.60 197.70           77.10 77.15 71.75 71.80   

2/12/2010 73.35 73.40 70.65 70.70 72.3750 188.70 188.80 193.90 194.00           76.10 76.15 70.65 70.70   

2/13/2010 73.35 73.40 70.65 70.70 72.0250 188.70 188.80 193.90 194.00           76.10 76.15 70.65 70.70   

2/14/2010 73.35 73.40 70.65 70.70 72.0250 188.70 188.80 193.90 194.00           76.10 76.15 70.65 70.70   

2/15/2010 73.35 73.40 70.65 70.70 72.4750 188.70 188.80 193.90 194.00           76.10 76.15 70.65 70.70   

2/16/2010 74.70 74.75 72.00 72.05 73.1250 195.59 195.69 201.04 201.24           77.45 77.50 72.00 72.05   

2/17/2010 75.30 75.35 72.60 72.65 74.3000 197.17 197.67 201.67 202.02           78.05 78.10 72.60 72.65   

2/18/2010 76.85 76.95 74.15 74.25 74.9667 201.42 201.92 206.07 206.17           79.60 79.70 74.15 74.25   

2/19/2010 76.70 76.75 74.00 74.05 75.4333 203.25 203.75 208.85 209.10           79.45 79.50 74.00 74.05   
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  No. 6 Calculations No. 2 Calculations Natural Gas Calculations 

  0.3%S 0.3%S 0.7%S 0.7%S   NY/Boston Gulf Coast NY/Boston U.S. Gulf Coast   0.3%S 0.3%S 0.7%S 0.7%S   

  Hi Pr Hi Pr       ULSD ULSD ULSD ULSD ULS Diesel ULS Diesel ULS Diesel ULS Diesel   Lo Pr Lo Pr       

  Platt Platt Platt Platt   Platt Platt Platt Platt Argus Argus Argus Argus   Platt Platt Platt Platt   

Date Lowest Highest Lowest Highest Final Lowest Highest Lowest Highest Lowest Highest Lowest Highest Final Lowest Highest Lowest Highest Final 

2/20/2010 76.70 76.75 74.00 74.05 75.3750 203.25 203.75 208.85 209.10           79.45 79.50 74.00 74.05   

2/21/2010 76.70 76.75 74.00 74.05 75.3500 203.25 203.75 208.85 209.10           79.45 79.50 74.00 74.05   

2/22/2010 76.50 76.55 74.05 74.10 74.9583 204.31 204.81 209.56 209.71           79.25 79.35 74.05 74.10   

2/23/2010 75.20 75.25 73.15 73.20 74.7583 200.70 201.20 205.86 205.96           77.95 78.00 73.15 73.20   

2/24/2010 75.75 75.85 73.70 73.80 74.0083 201.05 201.30 207.60 207.70           78.50 78.60 73.70 73.80   

2/25/2010 74.05 74.10 72.00 72.05 73.8000 196.00 196.10 202.75 202.85           76.80 76.85 72.00 72.05   

2/26/2010 74.55 74.65 72.50 72.60 73.4000 199.85 199.95 205.75 205.85           77.30 77.40 72.50 72.60   

2/27/2010 74.55 74.65 72.50 72.60 73.5750 199.85 199.95 205.75 205.85           77.30 77.40 72.50 72.60   

2/28/2010 74.55 74.65 72.50 72.60 73.3417 199.85 199.95 205.75 205.85           77.30 77.40 72.50 72.60   

3/1/2010 73.85 73.95 71.80 71.90 73.4917 198.69 199.19 204.94 205.19           76.60 76.70 71.80 71.90   

3/2/2010 74.85 74.95 73.10 73.20 73.9250 202.57 202.67 209.17 209.27           77.60 77.70 73.10 73.20   

3/3/2010 75.70 75.80 73.95 74.05 74.0500 205.71 205.81 212.06 212.16           78.45 78.55 73.95 74.05   

3/4/2010 74.10 74.15 72.35 72.40 74.0750 203.67 204.17 209.62 209.72           76.85 76.90 72.35 72.40   

3/5/2010 74.95 75.00 73.20 73.25 73.8167 206.73 206.98 214.43 214.53           77.70 77.75 73.20 73.25   

3/6/2010 74.95 75.00 73.20 73.25 74.1000 206.73 206.98 214.43 214.53           77.70 77.75 73.20 73.25   

3/7/2010 74.95 75.00 73.20 73.25 74.2417 206.73 206.98 214.43 214.53           77.70 77.75 73.20 73.25   

3/8/2010 75.60 75.70 73.35 73.45 74.2167 206.62 206.67 213.47 213.57           78.35 78.45 73.35 73.45   

3/9/2010 75.10 75.20 72.85 72.95 74.4750 204.85 205.35 210.90 211.00           77.85 77.95 72.85 72.95   

3/10/2010 75.95 76.05 73.70 73.80 74.3917 208.02 208.12 212.82 212.92           78.70 78.80 73.70 73.80   

3/11/2010 75.35 75.45 73.10 73.20 73.9500 208.12 208.22 213.32 213.42           78.10 78.20 73.10 73.20   

3/12/2010 73.40 73.50 71.90 72.00 73.2250 205.91 206.41 212.16 212.26           76.15 76.25 71.90 72.00   

3/13/2010 73.40 73.50 71.90 72.00 72.7000 205.91 206.41 212.16 212.26           76.15 76.25 71.90 72.00   

3/14/2010 73.40 73.50 71.90 72.00 72.3833 205.91 206.41 212.16 212.26           76.15 76.25 71.90 72.00   

3/15/2010 72.40 72.50 71.00 71.10 73.2250 202.03 202.13 208.53 209.03           75.25 75.35 71.00 71.10   

3/16/2010 75.05 75.15 75.30 75.40 74.1167 208.25 208.35 214.90 215.00           77.80 77.90 75.30 75.40   

3/17/2010 76.00 76.10 74.65 74.75 75.0917 210.39 210.49 216.69 216.79           78.75 78.85 74.65 74.75   

3/18/2010 75.30 75.40 73.95 74.05 74.5750 207.88 208.38 214.73 214.83           78.05 78.15 73.95 74.05   

3/19/2010 74.30 74.40 72.95 73.05 74.0083 204.22 204.72 211.47 211.72           77.05 77.15 72.95 73.05   

3/20/2010 74.30 74.40 72.95 73.05 73.6750 204.22 204.72 211.47 211.72           77.05 77.15 72.95 73.05   

3/21/2010 74.30 74.40 72.95 73.05 73.8000 204.22 204.72 211.47 211.72           77.05 77.15 72.95 73.05   

3/22/2010 74.55 74.65 73.45 73.55 74.0917 205.62 206.12 211.87 212.22           77.30 77.40 73.45 73.55   

3/23/2010 74.90 75.00 74.10 74.20 74.1667 206.95 207.45 214.45 214.50           76.75 76.85 74.10 74.20   

3/24/2010 74.15 74.25 73.55 73.65 74.2500 204.21 204.71 210.72 210.82           76.00 76.10 73.55 73.65   

3/25/2010 74.50 74.60 74.00 74.10 74.0500 204.72 205.22 211.64 211.74           76.35 76.45 74.00 74.10   

3/26/2010 74.15 74.25 73.65 73.75 74.0667 204.70 205.20 212.60 212.70           76.00 76.10 73.65 73.75   

3/27/2010 74.15 74.25 73.65 73.75 73.9500 204.70 205.20 212.60 212.70           76.00 76.10 73.65 73.75   

3/28/2010 74.15 74.25 73.65 73.75 74.4833 204.70 205.20 212.60 212.70           76.00 76.10 73.65 73.75   

3/29/2010 75.75 75.85 75.25 75.35 74.9333 209.40 209.90 216.95 217.05           77.60 77.70 75.25 75.35   

3/30/2010 75.50 75.60 75.00 75.10 75.6167 210.29 210.79 217.29 217.39           77.35 77.45 75.00 75.10   

3/31/2010 76.20 76.30 75.70 75.80 75.9500 213.62 214.07 220.97 221.07           78.05 78.15 75.70 75.80   

4/1/2010 76.75 76.85 76.25 76.35 76.3667 218.80 219.05 226.50 226.55           78.60 78.70 76.25 76.35 75.0807 

4/2/2010 76.75 76.85 76.25 76.35 76.5500 218.80 219.05 226.50 226.55           78.60 78.70 76.25 76.35 75.0807 

4/3/2010 76.75 76.85 76.25 76.35 76.5500 218.80 219.05 226.50 226.55           78.60 78.70 76.25 76.35 75.0807 

4/4/2010 76.75 76.85 76.25 76.35 76.8000 218.80 219.05 226.50 226.55           78.60 78.70 76.25 76.35 75.0807 

4/5/2010 77.50 77.60 77.00 77.10 76.9500 223.40 223.90 230.40 230.45           79.35 79.45 77.00 77.10 75.0807 

4/6/2010 77.35 77.45 76.55 76.65 76.7250 223.06 223.16 229.01 229.11           78.55 78.65 76.55 76.65 75.0807 

4/7/2010 76.35 76.45 75.30 75.40 76.4417 219.78 220.28 225.43 225.48           77.55 77.65 75.30 75.40 75.0807 

4/8/2010 76.90 77.00 75.90 76.00 76.3083 219.39 219.89 224.64 224.74           78.10 78.20 75.90 76.00 75.0807 

4/9/2010 77.05 77.15 76.05 76.15 76.5500 217.94 218.44 224.24 224.54           78.25 78.35 76.05 76.15 75.0807 

4/10/2010 77.05 77.15 76.05 76.15 76.6000 217.94 218.44 224.24 224.54           78.25 78.35 76.05 76.15 75.0807 

4/11/2010 77.05 77.15 76.05 76.15 76.6833 217.94 218.44 224.24 224.54           78.25 78.35 76.05 76.15 75.0807 

4/12/2010 77.30 77.40 76.30 76.40 76.7500 217.55 217.65 224.10 224.60           78.50 78.60 76.30 76.40 75.0807 
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  No. 6 Calculations No. 2 Calculations Natural Gas Calculations 

  0.3%S 0.3%S 0.7%S 0.7%S   NY/Boston Gulf Coast NY/Boston U.S. Gulf Coast   0.3%S 0.3%S 0.7%S 0.7%S   

  Hi Pr Hi Pr       ULSD ULSD ULSD ULSD ULS Diesel ULS Diesel ULS Diesel ULS Diesel   Lo Pr Lo Pr       

  Platt Platt Platt Platt   Platt Platt Platt Platt Argus Argus Argus Argus   Platt Platt Platt Platt   

Date Lowest Highest Lowest Highest Final Lowest Highest Lowest Highest Lowest Highest Lowest Highest Final Lowest Highest Lowest Highest Final 

4/13/2010 77.25 77.35 76.25 76.35 77.2333 217.39 217.89 224.04 224.14           77.55 77.65 76.25 76.35 75.0807 

4/14/2010 78.50 78.60 77.50 77.60 77.6667 220.29 220.39 226.94 227.04           79.10 79.20 77.50 77.60 75.0807 

4/15/2010 78.60 78.70 77.60 77.70 77.7333 221.09 221.59 227.74 227.79           79.40 79.50 77.60 77.70 75.0807 

4/16/2010 77.45 77.55 76.45 76.55 77.3833 217.43 217.93 224.78 224.88           78.40 78.50 76.45 76.55 75.0807 

4/17/2010 77.45 77.55 76.45 76.55 77.0000 217.43 217.93 224.78 224.88           78.40 78.50 76.45 76.55 75.0807 

4/18/2010 77.45 77.55 76.45 76.55 76.8333 217.43 217.93 224.78 224.88           78.40 78.50 76.45 76.55 75.0807 

4/19/2010 76.95 77.05 75.95 76.05 77.3000 212.83 213.33 219.83 219.93           77.90 78.00 75.95 76.05 75.0807 

4/20/2010 78.85 78.95 77.85 77.95 77.9667 215.39 215.89 222.99 223.04           79.80 79.90 77.85 77.95 75.0807 

4/21/2010 79.45 79.55 78.45 78.55 78.8833 217.97 218.47 226.42 226.52           80.40 80.50 78.45 78.55 75.0807 

4/22/2010 79.70 79.80 78.70 78.80 79.4333 217.44 217.54 226.64 226.74           80.65 80.75 78.70 78.80 75.0807 

4/23/2010 80.50 80.60 79.50 79.60 79.7833 222.84 223.34 230.55 230.65           81.45 81.55 79.50 79.60 75.0807 

4/24/2010 80.50 80.60 79.50 79.60 80.0500 222.84 223.34 230.55 230.65           81.45 81.55 79.50 79.60 75.0807 

4/25/2010 80.50 80.60 79.50 79.60 79.8833 222.84 223.34 230.55 230.65           81.45 81.55 79.50 79.60 75.0807 

4/26/2010 80.00 80.10 79.00 79.10 79.4167 221.41 221.91 229.71 229.81           80.95 81.05 79.00 79.10 75.0807 

4/27/2010 79.10 79.20 78.10 78.20 79.0667 219.80 220.30 229.45 229.55           80.05 80.15 78.10 78.20 75.0807 

4/28/2010 79.45 79.55 78.45 78.55 79.1500 220.07 220.17 228.87 228.97           80.40 80.50 78.45 78.55 75.0807 

4/29/2010 80.25 80.35 79.25 79.35 80.0417 223.33 223.43 232.53 232.63           81.20 81.30 79.25 79.35 75.0807 

4/30/2010 81.95 82.05 80.60 80.70 80.8167 226.33 226.83 236.68 236.78           82.95 83.05 80.60 80.70 75.0807 

5/1/2010 81.95 82.05 80.60 80.70 81.3250 226.33 226.83 236.68 236.78           82.95 83.05 80.60 80.70 75.0807 

5/2/2010 81.95 82.05 80.60 80.70 81.5083 226.33 226.83 236.68 236.78           82.95 83.05 80.60 80.70 75.0807 

5/3/2010 82.50 82.60 81.15 81.25 80.7417 229.42 229.92 239.67 239.77           83.55 83.65 81.15 81.25 75.0807 

5/4/2010 79.65 79.75 78.30 78.40 79.2917 221.69 222.19 230.44 230.54           80.70 80.80 78.30 78.40 75.0807 

5/5/2010 77.60 77.70 76.25 76.35 76.7417 213.90 214.10 222.80 222.90           78.65 78.75 76.25 76.35 75.0807 

5/6/2010 74.85 74.95 73.50 73.60 75.0583 204.95 205.45 214.35 214.45           75.90 76.00 73.50 73.60 75.0807 

5/7/2010 74.60 74.70 73.25 73.35 74.0583 204.60 205.10 214.00 214.35           75.70 75.80 73.25 73.35 75.0807 

5/8/2010 74.60 74.70 73.25 73.35 73.9750 204.60 205.10 214.00 214.35           75.70 75.80 73.25 73.35 75.0807 

5/9/2010 74.60 74.70 73.25 73.35 74.5333 204.60 205.10 214.00 214.35           75.70 75.80 73.25 73.35 75.0807 

5/10/2010 76.10 76.20 75.10 75.20 75.0417 209.45 209.95 218.05 218.20           77.20 77.30 75.10 75.20 75.0807 

5/11/2010 75.95 76.05 74.95 75.05 75.5000 209.93 210.03 218.78 218.88           77.05 77.15 74.95 75.05 75.0807 

5/12/2010 75.80 75.90 74.80 74.90 75.1500 213.43 213.53 221.53 221.63           76.90 77.00 74.80 74.90 75.0807 

5/13/2010 75.05 75.15 74.05 74.15 74.0667 210.20 210.70 217.70 217.90           76.15 76.25 74.05 74.15 75.0807 

5/14/2010 72.45 72.55 71.95 72.05 73.0333 203.85 204.35 209.90 210.00           74.05 74.15 71.95 72.05 75.0807 

5/15/2010 72.45 72.55 71.95 72.05 72.2500 203.85 204.35 209.90 210.00           74.05 74.15 71.95 72.05 75.0807 

5/16/2010 72.45 72.55 71.95 72.05 71.2250 203.85 204.35 209.90 210.00           74.05 74.15 71.95 72.05 75.0807 

5/17/2010 69.70 69.80 68.55 68.65 69.9917 196.80 196.90 203.05 203.15           71.30 71.40 68.55 68.65 75.0807 

5/18/2010 69.05 69.15 67.95 68.05 68.6083 193.00 193.50 200.50 200.60           71.15 71.25 67.95 68.05 75.0807 

5/19/2010 68.60 68.70 67.50 67.60 67.5667 191.47 191.97 199.17 199.27           70.70 70.80 67.50 67.60 75.0807 

5/20/2010 66.55 66.65 65.45 65.55 66.5000 187.40 187.50 195.25 195.35           68.65 68.75 65.45 65.55 75.0807 

5/21/2010 65.85 65.95 64.75 64.85 65.5833 186.44 186.49 194.44 194.54           67.95 68.05 64.75 64.85 75.0807 

5/22/2010 65.85 65.95 64.75 64.85 65.3500 186.44 186.49 194.44 194.54           67.95 68.05 64.75 64.85 75.0807 

5/23/2010 65.85 65.95 64.75 64.85 65.4667 186.44 186.49 194.44 194.54           67.95 68.05 64.75 64.85 75.0807 

5/24/2010 66.20 66.30 65.10 65.20 65.1667 189.49 189.59 195.85 195.95           68.30 68.40 65.10 65.20 75.0807 

5/25/2010 64.95 65.05 63.85 63.95 65.3333 186.10 186.60 192.71 192.76           67.05 67.15 63.85 63.95 75.0807 

5/26/2010 66.35 66.45 65.25 65.35 66.0833 190.20 190.30 197.45 197.55           68.45 68.55 65.25 65.35 75.0807 

5/27/2010 68.45 68.55 67.35 67.45 67.0833 197.20 197.30 204.40 204.75           70.55 70.65 67.35 67.45 75.0807 

5/28/2010 67.95 68.05 66.85 66.95 67.6167 197.68 198.18 204.58 204.78           70.05 70.15 66.85 66.95 75.0807 

5/29/2010 67.95 68.05 66.85 66.95 67.4500 197.68 198.18 204.58 204.78           70.05 70.15 66.85 66.95 75.0807 

5/30/2010 67.95 68.05 66.85 66.95 67.4500 197.68 198.18 204.58 204.78           70.05 70.15 66.85 66.95 75.0807 

5/31/2010 67.95 68.05 66.85 66.95 67.2167 197.68 198.18 204.58 204.78           70.05 70.15 66.85 66.95 75.0807 

6/1/2010 67.25 67.35 66.15 66.25 67.4500 193.74 193.84 200.49 200.54           69.35 69.45 66.15 66.25 75.0807 

6/2/2010 68.65 68.75 67.55 67.65 68.1333 198.60 198.70 205.60 205.70           70.75 70.85 67.55 67.65 75.0807 

6/3/2010 70.00 70.10 68.90 69.00 68.2167 200.16 200.21 207.01 207.11           72.10 72.20 68.90 69.00 75.0807 




















































































































































